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THE INSTITUTE 


An Ordinary General Meeting of the Institute of Petro- 
leum was held at 26 Portland Place, London, W.1, on 
8 September 1954, the Chair being taken by the President, 
Lt.-Col. 8. J. M. Auld, O.B.E., M.C., D.Se. 


The General Secretary read the minutes of the previous 
meeting, which were confirmed and signed as a correct 
record. He then read the list of members elected since 
the previous meeting. 


Fepruary 1955 


OF PETROLEUM 


The President, introducing the author of the paper to 
be presented, said: It gives me much pleasure to intro 
duce Dr G. J. van den Berg, who has come over from the 
Hague to speak to us on the application of turbogrid trays 
in the petroleum industry. Dr van den Berg, like all our 
Dutch friends who have talked to us, is well up in his 
subject. 

The following paper was then presented in summary by 
the author. 


THE APPLICATION OF TURBOGRID TRAYS* IN THE 
PETROLEUM INDUSTRY 


By G. J. VAN 


THE application of the turbogrid tray, which was 
started on a commercial scale in 1950, has now been 
extended within the Royal Dutch/Shell group to a 
total of more than 100 columns. 

The replacement of conventional fractionating trays 
by turbogrid trays resulted in most gratifying increases 
of plant throughput and product quality when applied 
to bottlenecks in existing distillation units. 

The simplicity of construction is such that the trays 
can be made from a wide variety of materials, includ. 
ing glass and wood, thereby enabling them to be used 
for those services where conventional fractionating 
trays present difficulties. 

The self-cleaning action of turbogrid trays favours 
their application in service where fouling and plugging 
is expected. 

Due to the simplicity of turbogrids, the influence of 
all structural details upon tray performance could be 
investigated separately. Consequently, by extensive 
research it was established quantitatively how tray 
performance characteristics, such as capacity, effi- 
ciency, and pressure drop, are affected by the dimen- 
sions of the tray components. Based on these 
experimental data it is possible to give an optimum 
design essentially for all distillation problems occur- 
ring in the petroleum industry." * 

In the present paper a survey of the flow charac. 
teristics and of the factors influencing the performance 
of the turbogrid are given. Comparison is made be- 
tween bubble-cap tray and turbogrid tray design for 
some typical applications in the petroleum industry. 
Some plant performance data are also given. 


DESCRIPTION OF FLOW CHARACTERISTICS 


The turbogrid tray consists of a number of parallel 
slots formed either as spaces between parallel bars or 
as perforations stamped in a flat metal plate. As the 
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slots serve as a passage for both vapour and liquid 
flow, no separate downcomer area is required, and the 
grid tray can extend over the entire cross-sectional 
area of the column. By varying the ratio between 
slot width and bar width the free area for liquid and 
vapour passage can be established at will. 

As indicated in Fig 1, the operating region of the 
turbogrid tray can be divided into several stages. 
At very low flows the vapour and liquid pass through 
the slots, with only superficial contact of the two 
phases—Stage I. With increasing throughput a 
point is reached at which a liquid layer is formed on 
the tray with the vapour bubbling through it—Stage 
II. This point, which is characterized by a marked 
increase in the tray pressure drop, is called the dis- 
persion point. Further increase of vapour and liquid 
load above the dispersion point results in vapour pas- 
sage through some of the slots, with most of the 
liquid falling through the other slots. The tray action 
now shows a random distribution of vapour and liquid 
passage, the pattern of this distribution changing with 
the time. This self-sustaining surging motion in the 
horizontal direction, having a period of the order of 
1 second, is the most characteristic feature of the 
turbogrid tray action. 

The pattern of tray action is indicated in Stages 
IIL and IV. It can be concluded that the mixing of 
the two phases is taking place in the zone above the 
tray rather than in the slots, 

It has been found that the amplitude of the hori- 
zontal surging motion is inversely proportional to the 
hold-up. From this it can be concluded that for 
excessive liquid loading this motion will hardly come 
into action, resulting in impaired tray performance. 

By a still further increase of the loads the liquid is 
completely lifted from the tray, so that flooding 
oceurs. This point, at which the tray pressure drop 
expressed in bed height is equal to the tray spacing, is 
called the load point. Measurement of the tray pres- 


* Turbogrid trays are the subject of patents held by the Royal Dutch/ Shell Group, and the term “Turbogrid”’ is their trade mark, 
N.V. De Bataafache Petroleum Maatschappij, The Hague (Koyal Dutch /Shell Group) 
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FOUR STAGES OF TURBOGRID TRAY ACTION (SCHEMATIC DRAWING) 
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sure drop at the different stages will result in a graph, 
of which a simplified example is given in Fig 2. 
The values of the loads at load point and dispersion 


point, indicating the capacity and operating range of 


the tray, are determined both by the physical proper- 
ties of the two phases, e.g. density, viscosity, and sur- 
face tension, and by the characteristics of the tray 
structure, of which the free area, slot width, bar shape, 


load point fading 
Fie 2 


PERFORMANCE OF TURBOGRID TRAY 
(QUALITATIVELY) 


AP VERSUS LOAD 


and tray spacing were found to be the most important 
ones, As in practice it has been found that the rect- 
angular bar shape is suitable for most distillation pro- 
cesses, a standardization of tray lay-out could be 
undertaken. Recent trends favour more and more 
the application of stamped slotted trays, an example 
of which is shown in Figs 6 and 7. 


COMPARISON OF TURBOGRID TRAY 
AND CONVENTIONAL BUBBLE-CAP 
TRAY PERFORMANCE 


The main items of interest in the performance of a 
fractionating tray discussed here are—capacity, pres- 
sure drop, efficiency, and flexibility. 

The capacity of the tray, which can be defined as 
the maximum allowable vapour flow for a given 
vapour-liquid ratio, is to a great extent determined 
by the tray free area. Whereas for bubble-cap trays 
this free area is essentially limited to about 10 to 13 
per cent of the cross-sectional tray area, the construc- 
tion of the turbogrid tray enables a practical possible 
range of about 10 to over 40 per cent of free area, the 
larger free area resulting in very high capacity, be it 
at the sacrifice of tray efficiency. 

Due to the larger free area available and to the fact 
that no reversal of the vapour flow is taking place, the 
pressure drop through turbogrid trays is always much 
lower than with bubble-cap trays under the same con- 
ditions. 

The efficiency of turbogrid trays is usually less than 
that of bubble-cap trays, so that more turbogrid trays 
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than bubble-cap trays have to be installed to fulfil the 
same separation requirement. As the trays can be 
arranged closer together (12 inches or even nearer), it 
is possible to reach a height per theoretical tray which 
is equal to, or even lower than, that obtainable with 
bubble-cap trays. 

When quantity and composition of the feed stream 
are expected to vary considerably, the use of turbo- 
grid trays cannot be recommended, as the flexibility 
of these trays does not permit a load range higher than 
about two-and-a-half-fold. 

A summary of the influence of tray free area and 
tray spacing on turbogrid tray performance is given in 
Table I. 


| 


Influence of Structural Details on T'urbogrid Tray Performance 


Tray Tray 
spacing free area 
increase increase 

Capacity Increases | Increases 


Pressure drop (per actual tray) No effect Decreases 


Efficiency Increases Decreases 
Flexibility Increases Decreases 
COMPARISON OF DESIGN CALCULATIONS 


FOR TURBOGRID TRAY AND BUBBLE-CAP 
TRAY FOR SAME SERVICE 


In Fig 3 a summary is given of turbogrid tray and 
bubble-cap tray design for a debutanizer processing 
1250 tons/day of unstabilized gasoline. The volume 


tt3’Aneor tray 
100 
90 
80 
70 
60 
50 
40 
20 
18 24° 30 
tray spacing 
Fia 3 
COMPARISON OF PERFORMANCE OF TURBOGRID TRAYS AND 
BUBBLE-CAP TRAYS IN DEBUTANIZER sSERVICR PER 


THEORETICAL TRAY) 

of a theoretical tray is taken as the criterion for the 
design, as in this way both capacity and efficiency of 
the tray are combined in one single parameter. Fig 3 
shows that the application of the turbogrid tray results 
in a reduction of the column volume to about 70 per 
cent of that required for bubble-cap trays. The lower 
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limit for the tray spacing is mainly determined by 
requirements of operational flexibility and minimum 
capital costs. As pressure drop is of minor importance 
in this example, no detailed comparison is given, It 
was calculated that the pressure drop per theoretical 
tray with turbogrid trays was 70 per cent of the value 
predicted for the bubble-cap tray design. 

The second example, summarized in Fig 4, repre- 
sents the design for a vacuum re-run column in which 


/\plwater) 
6-4 
| § 


re 

oo pressure drop per theor. : gridtray 
— : bubble cap 
theor. tray grid tray 


* tray spacing 
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COMPARISON OF PERFORMANCE OF TURBOGRID TRAYS AND 
BUBBLE-CAP TRAYS IN VACUUM SKAVICE (FT* PER 
THEORETICAL TRAY AND AP PER THEORETICAL TRAY) 


capacity, efficiency, and pressure drop are of import- 
ance, Intake is 325 tons/day, the top pressure is 
fixed at 185 mm Hg abs; the pressure drop per theor- 
etical tray had to be under 3 inches of water. Fig 4 
shows that application of the turbogrid tray reduces 
the column volume to 75 per cent and the pressure 
drop to 60 per cent of the values obtained with the 
bubble-cap tray. 

The data summarized in Figs 3 and 4 refer to 
columns designed at 80 per cent of capacity for the 
given feed intake, 


PLANT PERFORMANCE OF TURBOGRID 
TRAY COLUMNS IN EUROPE 


The first example concerns the performance of the 
main fractionator in a catalytic cracker unit, 

The 9-ft dia fractionater has thirty-two turbogrid 
trays spaced 18 inches apart and two gas oil side 
strippers (3 ft 4 inches dia), both with seven turbogrid 
trays, spaced 18 inches apart. 

The maximum throughput of the main fractionator 
was found to be 1800 tons/day, which is in agreement 
with the design calculations. The maximum load for 
the same column, but provided with bubble-cap trays, 
was calculated to be 1300 tons/day. 

The separation between the overhead product and 


THE APPLICATION OF 


the light gas oil stripper, which is effected over twenty- 
seven turbogrid trays, is good, as can be seen from 


Table 


Taare Ll 


i 795; | | 
Fraction over- 
| all | Light gas oil 
day } (inches 
| water) 


.B.P. | F.B.P.| LBP. | F.B.P. 
1400 | | 220° C | 240° © | 360° C 


The second example concerns the removal of a 
bottleneck by replacing conventional trays with turbo- 
grid trays. 


Tasie 
Performance of Turbogrid Trays in E-E Splitter 
Feed intake 66 tons/day 
Top product = 33 tons/day 
Column toad (1) 


and tray effi- 


Compositions 
ciency (2) 


| Bottom 
(%) 


Feed | Top | Bottom Top 
| (mol %) | (mol %) | (mol %) | (%) 


When increasing the throughput in a crude distilling 
unit, the intermediate reflux section (dia = 16 ft 
6 inches) of the vacuum column turned out to be one 
of the bottlenecks. 


[Photo Vrijhof 


GLASS BAR TURBOGRID TRAY 


The shower deck trays in this section were over- 
loaded at high throughputs, which caused a heavy 
entrainment of liquid to the upper section of the 


tt?/ theortray 
| | 30 * 
4 + + 
3 
2 
C, | O82 | | (1)60 68 
C, S26 | O84 | (2)48 | 56 
469 02 | 972 | 
O38 | 0-6 
| 
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column and in one case caused some of these shower 
decks to collapse. By replacing the shower deck trays 
with four turbogrid trays the load of the column could 
be increased by about 30 per cent, the limit now being 
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STAMPED SLOTTED TURBOGRID TRAY 
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ANOTHER STAMPED SLOTTED TURBOGRID TRAY 


determined by other parts of the equipment. The 
pressure drop across the four turbogrid trays at highest 
loading was found to be 6 inches H,0. 

The third example concerns a 3 ft 6 inch ethane 
ethylene splitter. This column is provided with fifty. 
eight turbogrid trays in the rectifying section and 
thirty-three turbogrid trays in the stripping section, 
the tray spacing in both sections being 12 inches. 
The column is operated at a pressure of 380 p.s.i.a. 
The performance of this column is summarized in 
Table IT. 

The fourth example concerns the application of 
turbogrid trays in highly corrosive service, namely, in 
a stripper where isopropyl alcohol is stripped from 
sulphuric acid. As an alternative to bubble-cap trays 
made of high silicon iron, turbogrids constructed of 
glass bars were installed in two of these strippers 
(Fig 5). Trays of Pyrex glass, as well as trays of cast 
and processed glass, have been installed. The cost of 
the glass turbogrid trays is about 80 per cent of the 
cost of high silicon iron bubble-cap trays with the 
same diameter. The performance of these turbogrid 
trays is very satisfactory. 


CONCLUSIONS 


The experience gained so far has shown that among 
the most attractive applications of turbogrid trays in 
crude distilling service is its use in desuperheating and 
above flash sections, where the self-cleaning action and 
the low tray pressure drop give tray performance 
superior to that of the conventional trays. Very good 
performance of the turbogrid tray is also found in 
circulating reflux sections. 

Although atmospheric and vacuum columns of crude 
distilling units provided with turbogrid trays have 
given good performance, it is felt that the limits of the 
operating range of these trays will often result in the 
installation of bubble-cap trays in those parts where 
large variations in loading are expected. 

The turbogrid tray has been found to be a powerful 
tool for increasing the capacity of existing columns. 
Increases in capacity up to 60 per cent have been 
effected by replacing conventional trays with turbo- 
grid trays. 

Summarizing, it can be stated that the turbogrid 
tray has proved to be the most attractive fractionation 
tray for a large variety of distillation problems, 
whereas further developments which are now under 
investigation are expected to overcome some char- 
acteristics which have previously set limitations on its 
applicability. 
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L. H. Appleby: Hitherto, | have always been rather 
sceptical of the use of turbogrid trays, but some of that 
scepticism is now disappearing. In distillation columns 
flexibility is a very important criteria, and one may lose 
some flexibility through the use of turbogrid trays. On 
the other hand, there is the obvious very great advantage 
of their simplicity and ease of cleaning, maintenance, and 
replacement, When a refiner orders a distillation unit 
it has been quite common to specify one where the 
throughput may be anything between 50 per cent under- 
load and 50 per cent overload, but generally the latter. 
Where bubble-cap trays are used it is possible to permit 
this margin, but it is doubtful whether one could do the 
same with turbogrid trays. 

Dr van den Berg has quoted about a hundred examples 
where turbogrid trays are used in fractionating columns, 
and that is certainly a very impressive total. Does that 
number include any crude fractionating units of the 
atmospheric and vacuum type? These units represent 
very important and difficult applications in distillation, 
and since there are big load changes from the top of the 
column towards the flash zone, it may be necessary, in 
order to make a turbogrid tray work at its best, to have a 
conical column, or at least one with stepped diameters. 
It would be very interesting to hear what Dr van den 
Berg has to say about this, 

In his paper Dr van den Berg has compared capacities 
of Dubble-cap columns and turbogrid columns, It is 
understood that the turbogrid tray is designed to operate 
at 80 per cent of the flooding point, but it is perhaps not so 
easy to calculate the flooding point of a ot cng tray. 
It would be interesting to know how Dr van den Berg 
arrived at the figure of 80 per cent of the flooding point 
for a bubble-cap column, It is very rare for these 
columns to flood, Perhaps one of the most convincing 
of Dr van den Berg’s examples, but one which does not 
appear in the aR prone of the yaper, is that of a column 
fitted with bubble-cap trays which actually flooded, but 
when the bubble-cap trays were replaced with turbogrids 
the capacity was increased so much as to permit normal 
operation under the same conditions, That seemed to me 
a moat impressive demonstration of the sheer throughput 
of turbogrid trays, but unfortunately it does not throw 
any light on the flexibility of the revamped column. 


G. J. van den Berg: The flexibility of the turbogrid 
tray with small free area is good and comparable with 
conventional fractionation trays of the same capacity. 
A turbogrid tray designed for high capacity has a more 
limited flexibility, so that application of these trays 
should be excluded from those services where future 
deviations from the design loadings are either unknown 
or expected to exceed the admissible load range. This 
admissible load range depends on the turbogrid lay-out 
details, such as free area, slot width, and tray spacing, as 
well as on the ratio of vapour and liquid loads, In most 
distillation column designs a one-half foi range 
can be handled, 

The change in loading over the height of the column 
can be dealt with by providing different trays designs, 
eg. with different free areas and tray spacings, adapted 
to load conditions in the various column sections, 

Among the columns equipped with turbogrid trays 
there are a number which are employed in crude frae- 
tionation and which perform quite satisfactorily. 

Due to the large variety in quantity and composition 
of feed intakes, as well as of products generally occurring 
in erude distillation units, turbogrid trays are installed 
weferably in circulating reflux sections, with relatively 
high liquid load, which, moreover, can be varied to some 
degree independently from the internal loads. Even 
though the other sections of the column are equipped with 
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DISCUSSION 


bubble decks, the column diameter, which would other- 
wise be dictated by the circulating reflux sections, can be 
reduced significantly. 

In the comparison between the performance of bubble- 
cap tray and turbogrid tray columns, as summarized in 
Figs 3 and 4, the design of the bubble-cap tray column is 
based both on data obtained in experimental research 
columns and on commercial plant performance data. As 
the turbogrid tray performance has been investigated in 
the same experimental columns, it is felt that the above- 
mentioned figures represent a fair comparison as to 
capacity and efficiency. 

rhe example, whleb [ mentioned when presenting the 
paper, is a gasoline stabilizer with a diameter of 4 ft 
| inch, equipped with 30 trays at 15-inch spacing. At 
a working pressure of 120 p.s.i.a. the column, equipped 
with bubble-cap trays, flooded at a throughput of about 
500 metric tons/day with a reflux ratio of 12:1 in 
respect of the top product. After replacing the bubble- 
cap trays with thirty turbogrid trays the thoughput could 
be increased to over 950 metric tons/day with a reflux 
ratio of 2-9: 1. No operating data about the flexibility 
can be given, as the unit has always been running at 
maximum throughput. According to the design, an 
intake of about 400 tons/day represents the lower limit 
at which the column should still perform satisfactorily. 


G. N. Griffiths: I should like to ask Dr van den Berg 
three questions concerning the applications of turbogrid 
trays. The first has already been touched upon by Mr 
Appleby. We have recently had occasion to design 
columns which, it is possible, will have to operate at as low 
as 50 per cent of design throughput, but which will still 
be expected to give a good tray efficiency. ‘Turbogrids 
have been considered for these applications, but, due to 
lack of definite information on this type of tray, we have 
decided to use the bubble-cap tray. Could Dr van den 
Berg give us some idea of the fates | percentage reduction 
in design throughput, coupled with efficient operation, 
that he has experienced. 

The second question concerns the flexibility of the 
tray, as regards vapour loading. For example, a frac- 
tionating absorber where the vapour feed to the unit may 
be reduced to, say, 30 per cent of design and yet the 
liquid loading, governed by lean oil input, will be kept 
constant, In other words, there will be less vapour rising 
through the trays to support a given head of liquid. 
Would Dr van den Berg recommend tubogrid trays for 
such an application ? 

The third question is one of installing turbogrid trays 
in an existing bubble-tray column. In a _ particular 
bubble-tray column which is 3 ft dia we are, owing to 
limitations imposed by liquid loading of the stripping 
section, unable to introduce sufficient heat via the re- 
boiler and, as a result, have to put s0 much heat into the 
feed that it becomes almost entirely vaporized. This is 
not a desirable state of affairs, If we were to substitute 
turbogrid trays for the existing bubble-cap trays in such 
an installation, could we double-up on the liquid load 
that each tray could stand ? 


G. J. van den Berg: When a load reduction in a column 
to be equipped with turbogrid trays is anticipated the 
design of this column can be adapted to suit the cireum- 
stances. In that case it is generally possible to operate 
satisfactorily down to about 40 per cent of the design 
load. 

The flexibility of the turbogrid tray as regards vapour 
loading with constant liquid loading is about the same 
as the normal distillation flexibility with constant ratio 
of vapour and liquid load. With an expected decrease of 
the vapour load to about 30 per cent of design load it 
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would be very difficult to design a turbogrid tray which 
would perform satisfactorily over the vapour load range. 
As long as the exact figures of the vapour and liquid loads 
are not known it is not possible to give a conclusive 
answer, but it is unlikely that application of turbogrid 
trays in this case would be of advantage. 

Again it is not possible to give a conclusive answer to 
the third question, but this is a very interesting case, 
which can be solved by replacing the bubble-cap trays 
in the stripping section with turbogrid trays. 


H. Kaye: Carrying this question of flexibility a etage 
farther, consider the case of a vacuum column working 
on a reduced crude feed. Dr van den Berg has suggested 
that when designing turbogrid trays the changes in 
vapour load experienced in such columns can be allowed 
for by varying the slot size of the tray in relation to its 
position in the column, This arrangement would be 
adequate in terms of the fluctuation in feed rate to the 
column, since such columns would not normally operate 
with feed ranges outside the two-and-a-half-fold per- 
mitted. Unfortunately it, would not be adequate in 
terms of fluctuation in side-stream off-takes, where, for 
reasons of flexibility in product cuts, a two-and-a-half- 
fold range would represent a serious processing limitation. 

However, in the trays immediately above the flashing 
section the vapour load will, in general, vary only as the 
feed varies, i.e. within the two-and-a-half-fold range, and 
hence it would seem that turbogrid trays could be used 
satisfactorily. In addition, the trays immediately above 
the flashing section are those which tend to become fouled, 
so that, bearing in mind the self-cleaning action of turbo- 
grid trays, it would appear to be advantageous to use 
turbogrid trays immediately above the flashing section 
to reduce fouling and plugging, and to use conventional 
trays above the bottom side-stream off-take to obtain the 
required flexibility. 


G. J. van den Berg: When for reason of product 
flexibility large variations in column loadings are ex- 
pected due to fluctuations in side-stream off-takes it 
would generally not be advisable to use turbogrid trays. 

Turbogrid trays are being used above flashing sections 
because of their low pressure drop, and much advantage 
can be gained by the use of these trays in such sections 
as desuperheating and circulating reflux, where full use 
can be made of the large capacity, low pressure drop, the 
self-cleaning action, and where flexibility does not impose 
a limitation on the process. 


E. 8. Squire: Could Dr van den Berg tell us how side 
cuts are taken from turbogrid trays. Some difficulty is 
visualized in redistributing the liquid to the next lower 
tray. In reference to Mr Kay’s point, the liquid load on 
the lower section of a vacuum column is often very low 
can these trays deal with this low load ? 


G. J. van den Berg: Side streams are mostly taken off 
with the aid of a chimney tray. In the case of partial 
draw-off various devices can be used to redistribute part 
of the liquid on to the next lower tray. 

The performance of turbogrid trays in large-diameter 
vacuum columns with very low liquid load is being in- 
vestigated in an experimental column. The distribution 
of liquid and vapour on to the trays has been found to be 
of great importance, so that careful design of the turbo- 
grid tray lay-out, as well as of the vapour and liquid 
distributing devices, is called for. 


Dr A. L. Down: Could Dr van den Berg follow up on 
his answer regarding draw-off trays by giving details of 
distribution systems employed on reflux and feed trays. 


G. J. van den Berg: Reflux and os feed are usually 


introduced on the turbogrid tray with the aid of a distri- 
buting device consisting of perforated pipes. 


Another means of distributing liquid consists of a 
distributor tray with uniformly m Bee vapour risers and 
liquid nozzles. This latter type of distributor device is 
mostly used for large-size colurns. 

Introduction of partly vaporized feed into the column 
can be effected either by means of radially extending 
overflow troughs with notched edges or with the aid of a 
distributor tray. If the degree of vaporization is high 
another chimney tray may be required to guarantee even 
distribution of the vapours reaching the next higher tray. 


D. C. Freshwater: Mr Maddis has asked me to raise 
the following questions : 

First, the author states that the efficiency of turbogrid 
trays is usually somewhat less than that of bubble-cap 
trays. Would not the turbogrid tray have a higher 
efficiency for high liquid loadings. 

Secondly, in the case of a turbogrid tray having, say, 
30 per cent tray free area, would decreasing the slot 
width from to } inch improve the tray. In other words, 
to what extent does the diameter of a rise in vapour or 
bubble stream, influence the turbogrid tray ? 

I also would like to raise a question concerning the 
early part of the paper. Dr van den Berg compared 
bubble-cap performance with that of the turbogrid, and 
mentioned the physical behaviour of the vapour liquid 
on the plates, and the circle of bubbles rising from a cap 
or plate. His observations in this connexion can per- 
haps be a little misleading, since the function of a turbo 
grid tray is essentially vapour-liquid contacting, and most 
of the contacting on a well-designed bubble-cap tray takes 
lace in the foam which such a tray would produce. 

lence to consider solely the range of bubbles, which, in 
a well-designed tray is anyway non-existent, can be a 
little misleading. In fact, we know from observation of 
turbogrid trays that the contacting is probably very 
efficient because of the manner in which it produces foam 
above the plate surface, but it is also our experience that 
a well-designed bubble-cap tray will produce similarly a 
large amount of foam on the surface. The second point 
in this argument is that not only is the amount of foam 
which any contacting device of this nature produces 
important, but also the amount and size of the individual 
bubbles in that foam. It is difficult to measure this 
directly, but from approximations of foam density it 
appears that the smaller bubble is only obtained by 
having small diameter caps. Hence, a lot of caps on a 
plate give a smaller bubble area, a amaller bubble size in 
the foam, and more efficient contacting. 


G. J. van den Berg: | would say that the vapour 
liquid contacting above a turbogrid tray and above a 
bubble-cap tray if well loaded show an almost identical 
picture, namely a mist of dispersed liquid droplets 
agitated by the rising vapour jets, 

There is no evidence that turbogrid tray efficiency 
would be the better in those cases where liquid film effi. 
ciency is controlled. The influence of slot width at con 
stant free area in the region investigated (4 to | inch) 
upon tray efficiency was found to be very slight. 

The second question refers to the concept introduced 
by Prof. Kirschbaum, which relates the bubble-cap tray 
capacity with a parameter defined as the ratio of the 
cross-sectional tray area and the sum of the cap cireum 
ferences. The basic idea underlying the te of 
this parameter is that highest generation of liquid entrain 
ment occurs at the perimeter of the caps. Starting from 
this idea, it can be reasoned that in circumstances where 
entrainment is the limiting factor, bubble-cap tray capacity 
is inversely proportional to this parameter yu. For bubble 
cap tray designs the value of the parameter y, lies between 
2 and 4 inches. Introducing a similar concept for turbo 
grid trays values for u between } and 2 inches are found. 
These values indicate that even for the same tray free 
area the capacity of turbogrid trays is somewhat greater 
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than for ey ese ee trays, because of the reduction of 


the highly localized entrainment generation at the cap 
circumference. It may be that there is some influence 
of bubble-cap slot size on the tray efficiency, but, as can 
be concluded from the data provided by Kirsehbaum,* 
this influence is probably negligible. 


Dr F. Din: Dr van den Berg said that rectangular 
bars have been found best in turbogrid construction, and 
therefore by implication that means rectangular slots as 
well. The example he has produced, however, can be 
regarded as a perforated tray; it is true they are rather 
elongated perforations, but perforations nevertheless. 
Would the performance of a tray be altered if the slots 
were replaced by circular holes of the same free area 
arranged, for example, in honeycomb fashion ? 


G. J, van den Berg: It is found that the stamped slotted 
trays have a slightly lower capacity than trays made of 
rectangular bars extending over the whole cross-sectional 
tray area. A satisfactory explanation for this pheno- 
menon has not yet been given, but possibly surface ten- 
sion plays a role in it. By decreasing the length of the 
slots, and so approximating circular perforations, the 
capacity of the tray decreases. 


D. L. Samuel: Can the author state how the turbogrid 
trays are placed in the column? Are they placed with 
the slote all parallel throughout the length of the column, 
or are they arranged randomly with the slots pointing in 
any direction ? 


G. J. van den Berg: he arrangement of the turbogrid 
trays in a column is always such that the slots of two 
subsequent trays are perpendicular to each other. 


R. B. Mills: I would like to ask Dr van den Berg if size 
is a limiting factor ? In pilot plant work, for instance, 
bubble-caps cannot be used-—as there would be only one 
bubble-cap per tray. The alternative is to use packed 
columns. the turbogrid tray would be an ideal solution 


for small columns, but at what dimension do wall and 
distribution effects become critical ? 


G. J. van den Berg: Routine design of turbogrid trays 
is only possible for columns with diameters above 18 
inches. In much smaller columns, with diameters down to 
4 inches, turbogrid trays can be used, but wall effects and 
the fact that dimensions of slot width and slot distance 
have to be scaled down in order to retain a real ** grid 
type” structure prevent the use of the ordinary design 
methods for small columns. The performance of turbo. 
grid trays in small-size columns is very satisfactory. 


J. 1. Hughes: Dr van den Berg mentioned in his paper 
that the columns were operating at 185 mm pressure. 
Has he had any experience of columns operating at much 
higher vacua and whether any snags are apparent in 
high vacuum service ? 


G. J. van den Berg: ‘The performance of turbogrid trays 
in high vacuum service is hae investigated under con- 
ditions similar to those occurring in high vacwum hydro- 
carbon distillation columns. 

As mentioned before, distribution of liquid and vapour 
on to the tray was found to be of great importance, 


Mrs J. Holden: Could Dr van den Berg say whether 
the foam height of the turbogrid tray would be greater 
or lesser than with a conventional sieve tray, with the 
same liquid and vapour loadings ? 


* Chem. Ing. Technik, 1951, 28, 213. 


THE APPLICATION OF 


G. J. van den Berg: The passage of liquid through the 
slots is to @ great extent determined by the random 
build-up of vapour-free liquid at several places of the 
—_ rhis liquid has to exert enough pressure head to 
enforce a break-through. The height of the foam or mist 
has only second order influence upon the liquid passage, 
so that foam height is not different when comparing 
turbogrid tray and bubble-cap tray action under normal 
loading conditions. 


B. J. Robin: Has Dr van den Berg made any com. 
parisons of the performance of ordinary sieve plate trays, 
with downcomers, and turbogrid trays, one against the 
other, with particular reference to pressure drop and 
flexibility ? : 


G. J. van den Berg: From a comparison of the experi- 
mental turbogrid tray data with literature data for sieve 
trays with downcomers one can conclude that the flexi- 
bility of the sieve tray with downcomer lies intermediate 
between the flexibilities of the turbogrid tray and the 
bubble-cap tray. 

On the other hand, the turbogrid tray has the advan- 
tage of simplicity of construction, greater capacity, and 
leas pressure drop. 

Depending on the free area and on the ratio of vapour 
and liquid loads, the pressure drop through the sieve 
tray with downcomers is 10 to 30 per cent higher than is 
the case with flat bar turbogrid trays. 


H. Kaye: So far, only horizontal turbogrid trays have 
been considered. Is there any advantage to be gained 
by operating with inclined trays, and if so, what is the 
relation between the angle of inclination and the tray 
efficiency ? 


G. J. van den Berg: No investigation of the influence of 
tray inclination upon the performance of turbogrid trays 
has been undertaken. In the literature about sieve trays 
mention is made of this possibility, but as it has been 
found that the angle of inclination is rather critical, 
application of this feature in commercial units is not 
possible, 


J. G. Hancock: The flexibility of turbogrid trays and 
their efficiency at varying capacity, scouieed with 
bubble-cap trays, is apparently dependent on the width 
of the slots. 

Would it be possible to increase flexibility by construct- 
ing trays in such a way that the width of the slots could 
be varied while the tray is actually in operation, or would 
this be considered impracticable on account of the cost ? 


G. J. van den Berg: ‘The possibility of constructing a 
device by which the slot width and free area could be 
changed during operation has been considered, but up to 
now it was found that the loss in simplicity of construc- 
tion and the increase in fouling tendency would upset the 
advantage gained in flexibility. 


R. N. McFadyen: In Dr van den Berg's pictorial 
description of the behaviour of gas and vapour, within 
the working range, on the turbogrid tray it appears that 
much of the comparative loss of efficiency of the turbo- 
grid is due to the arbitrary wander of the liquid build-up 
sections and the corresponding rising vapour columns. 
As there is no control of the size and path of these accu- 
mulations, might this not lead to excessive channelling ’ 
Has any consideration been given to controlling the size 
and distribution of the areas of liquid build-up by placing 
a device such as a honeycomb on top of the turbogrid ? 


G. J. van den Berg: The influence of the random dis- 
tribution of the countercurrent vapour and liquid flows 
upon turbogrid tray performance bes been included in 
the design correlations, and the overall efficiency of the 
turbogrid tray is demonstrably favourable——in spite of 
the phenomena indicated by Mr McFadyen. Studies are 
being directed towards various possible improvements 
while at the same time retaining the simplicity of the 
turbogrids. As yet, it is too early to report on this work. 


C. R. Bryson: The discussion so far has been concerned 
with continuous distillation units. I wonder if Dr van 
den Berg has any information regarding the performance 
of turbogrid trays in, say, vacuum batch stills, and 
whether turbogrid trays show any advantages under 
these conditions. 


G. J. van den Berg: Perhaps Mr Rowell would care to 
answer that question ? 


G. M. Rowell: The turbogrid tray is eminently suitable 
for use in batch distillation columns, since it can be 
operated at constant loading, and The Lummus Co. has 
designed and constructed several of these columns for 
— applications. The method of operation is to run 
the column at a constant percentage of the load point, 
and for this reason the re-boiler and condenser should be 
of sufficient size to load the column under all conditions. 
Constant loading can be achieved by controlling heat 
supplied by the re-boiler from the pressure drop between 
the top and bottom turbogrid, since this pressure drop is 
substantially constant (for a given percentage loading) 
over wide variations in column conditions, 


R. F. Twist: In some batch fractional distillation 
processes it is desirable to have a high rate of reflux-—say 
15 or 20: 1—in the early stages of the distillation, and 
when the light material has been removed we may want 
to run for several hours with a very low reflux ratio 
ear as lowas 1:1. Then we may want to revert to 
a higher ratio again while taking off an intermediate 
fraction. Would it be possible to carry through such 
operations when using turbogrid trays in the column ? 


WRITTEN 


G. M. Rowell : While Dr van den Berg cites an improve- 
ment in throughput to be obtained by replacing shower 
trays with turbogrids, it should be pointed out that a 
properly designed shower tray has only about the same 
operating range as a turbogrid, and the improvement of 
throughput experienced with the turbogrid could possibly 
have been overcome by suitable re-design of the shower 
trays. In my experience, it is often possible to obtain 


greater throughput with a shower tray (especially when 
used for heat transfer purposes) than witha turbogrid. It 
is appreciated that the large amount of design experience 
of turbogrids possessed by the Shell Co. may well have 
been a decisive factor in the change from shower trays ; 
however, the implication that the shower tray capacity 
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G. J. van den Berg: As indicated by Mr G. M. Rowell, 
constant loading of the batch column equipped with 
turbogrid trays can be attained by keeping the differen- 
tial pressure over the column constant. This would 
mean that the rate of distillation would vary with the 
separation requirement during the distilling cycle. 


Lt.-Col. 8. J. M. Auld: This has proved to be a most 
interesting evening. I do not pretend to be a specialist 
in the rating or design of modern columns, but, like most 
oil men, I have had a good many to operate at one time 
or another. Many of us must have felt that with the 
bubble-cap we had reached something of a finality in 
design because of its efficiency and simplicity. But, like 
everything else in this world, there appears to be no end 
to improvement. It certainly seems we have here some- 
thing which is not only most interesting but may also be 
an appreciable advance in certain directions. Indeed, it 
looks to me as if turbogrid trays might be getting towards 
that desideratum-—combination of the high capacity of 
the bubble-cap tray with the marked efficiency of opera 
tion shown by packed columns within a limit range of 
capacity. | would have liked Dr Lessing to have said 
something on this aspect, his name being for ever coupled 
with one of the best known forms of packings. | would 
also have liked to ask Dr van den Berg what is the largest 
column which has been operated in this way, particularly 
in diameter. The turbogrid seems to give an essence of 
self-determination to the vapour passing upwards, as 
against the more regimented effect of the bubble-caps. 
But with increasing diameter it might be that this self- 
elected channelling of the turbogrids will be overdone. 

One interesting thing which has emerged from the 
discussion is that column plates may cease to be entirely 
an engineering production. Is this the thin end of the 
wedge, and are we going to witness the emergence of 
plastic equipment with self-insulation that will end our 
corrosion problems ? 

I ask the meeting to pass a very hearty vote of thanks 
to Dr van den Berg for coming here and giving us the 
opportunity of discussing this most interesting subject. 


The vote of thanks was accorded with acclamation. 


DISCUSSION 


is not as high as the normal design of turbogrid is, in my 
opinion, somewhat misleading. 


G. J. van den Berg: ‘The experience we have gained 
with showerdeck tray performance in commercial units 
and on pilot plant scale lead us to the conclusion that in 
respect both to efficiency and capacity the turbogrid tray 
is superior. 

Owing to this experience the performance of the 
showerdeck tray has not been investigated by us as 
thoroughly as was done with the turbogrid tray. 

I therefore agree with Mr Rowell that the possibility 
of improving the showerdeck tray performance by suit- 
able re-design cannot be excluded. 


THE TESTING OF “L.P.G.” AND SIMILAR HYDROCARBON GASES— 
SOME NOTES ON PROCEDURES CURRENTLY USED IN THE U.K.* 


comments on test procedures commonly employed, 


conventional methods for the determination of total sulphur, hydrogen sulphide, and mercaptans. 
content, when a quantitative estimation is required, is normally determined by means of Fischer reagent. A 
historical survey is given of the work carried out by the Petroleum Gases Panel in connexion with the vapour 
pressure of liquefied petroleum gases, which in the U.K. is determined at 45° C (113° F). 


INTRODUCTION 


A Pane of Sub-Committee No. 3 of the Standardiza- 
tion Committee of the Institute of Petroleum has been 
concerned for some time with methods for the analysis 
and testing of petroleum gases. The terms of refer- 
ence of this Panel are comparatively wide, and the 
phrase ‘ Petroleum Gases "’ is understood to cover any 
gas, not necessarily composed entirely of hydrocarbon 
constituents, which is of interest in the petroleum 
industry. In other words, the work of the Petroleum 
Gases Panel + (formerly the Liquefied Gases Panel) is 
not limited in scope to materials such as liquefied 
petroleum gases; nevertheless, during recent years 
particular attention has been paid to the testing there- 
of. It should, however, be emphasized that it is no 
part of the duties of this Panel to formulate specifica- 
tions for L.P.G, or even to recommend desirable char- 
acteristics for such gases; the work of the Panel is 
concerned solely with the development and standardi- 
zation of test procedures. 


GENERAL REQUIREMENTS FOR L.P.G. IN 
THE U.K. 


In the U.K. approximately four-fifths of the L.P.G. 
sold is commercial butane, which is used chiefly in the 
domestic field while the remainder—commercial pro- 
pane-—is used industrially, mainly for cutting steel. 
Commercial butane may contain any mixture of C, 
hydrocarbons——-butanes, butenes, and butadiene 
containing up to approx 20 mol per cent of C, hydro- 


* Paper presented at the Symposium on Methods for Testing Liquefied Petroleum Gases held at St. Louis, Missouri, U.S.A., 


27-28 September 1954. 


+ The present membership of the Petroleum Gases Panel is as follows : 


J. H. D. Hooper (Chairman) 

K. R. Garrett (Deputy Chairman) 
©, A. Miller (Secretary) 

H. Batley 

P, Davy 

A. ©, Docherty 

D. Rawlinson 

8. Squire 

J. 8. Wilding 


By THE PETROLEUM GASES PANEL OF THE INSTITUTE OF PETROLEUM 


SUMMARY 


General specification requirements for commercial butane and propane in the U.K. are given, together with 
These latter include low-temperature distillation analysis and 


Water 


carbons. Commercial propane may contain propane 
and propylene with small proportions of C, and C, 
hydrocarbons. 

The distributors and producers have formed the 
Liquid Fuel Gas Industry Committee, which is purely 
a technical body which formulates codes of practice, 
specifications, etc., for use by the Industry. Their 
specifications for commercial butane and propane are 
as follows : 

Commercial Butane shall be a hydrocarbon mixture 
consisting predominantly of butanes and/or butenes. 
It shall not contain harmful quantities of toxic or 
nauseating substances, and shall be free from mech- 
anically-entrained water. It shall have the following 
composition and properties : 


(a) The total content of C, and higher hydro- 
carbons, when determined by the method of low 
temperature distillation, shall not exceed 2 mol 
per cent, calculated as normal pentane. 

(b) The maximum vapour pressure at 45° C 
(113° F) shall be 100 p.s.i.a. as determined by the 
NGAA method. 

(c) Total sulphur present in the gas shall not 
exceed 0-02 per cent by weight as determined by 
IP 107. 

(d) The gas shall not contain more than 2) 
grains of mercaptan sulphur per 100 cu. ft. at 
S.T.P. (sat.). 

(e) The hydrogen sulphide content shall be nil 
as indicated by moist lead acetate paper exposed 
to the gas. 

(f) The odour of the gas shall be distinctive, 


The British Petroleum Co, Ltd. 

Calor Gas Distributing Co. Ltd. 

The British Petroleum Co. Ltd. 
Petrochemicals Ltd. 

Esso Petroleum Co. Ltd, 

imperial Chemical Industries Ltd. 

* Shell’ Refining and Marketing Co. Ltd. 
The British Petrcleum Co, Ltd. 

Shell-Mex and B.P. Ltd. 
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unpleasant, and non-persistent, and the supplier 
shall endeavour to ensure that at all stages 
throughout the discharge of a cylinder the smell 
indicates the presence of gas down to concentra- 
tions in air of one-fifth the lower explosive limit. 


Commercial Propane shall be a hydrocarbon mixture 
consisting predominantly of propane and /or propylene. 
It shall not contain harmful quantities of toxic or 
nauseating substances, and shall be free from mech- 
anically-entrained water. It shall have the following 
composition and properties : 


(a) The total content of C, and higher hydro- 
carbons, when determined by the method of low 
temperature distillation, shall not exceed 10 mol 
per cent, caleulated as normal butane. 

(6) The maximum vapour pressure at 45° C 
(113° F) shall be 270 p.s.i.a. as determined by the 
NGAA method. 

(c) Total sulphur present in the gas shall not 
exceed 0-02 per cent by weight as determined by 
IP 107. 

(d) The gas ‘shall not contain more than 2-0 
grains of mercaptan sulphur per 100 cu. ft. at 
S.T.P. (sat.). 

(e) The hydrogen sulphide content shall be nil 
as indicated by moist lead acetate paper exposed 
to the gas. 

(f) The odour of the gas shall be distinctive, 
unpleasant, and non-persistent, and the supplier 
shall endeavour to ensure that at all stages 
throughout the discharge of a cylinder the smell 
indicates the presence of gas down to concentra- 
tions of air of one-fifth the lower explosive limit. 


For commercial butane it will be seen that the pro- 
portion of C, and C, hydrocarbons is limited by the 
vapour pressure of 100 p.s.ia. at 45°C (113° F). 
Some distributors like the C, hydrocarbons to be 
limited to the barest minimum on account of combus- 
tion difficulties with gas first taken off the cylinder. 
On the other hand, they like a minimum vapour pres- 
sure, say 85 p.s.i.a. at 45°C (113° F) to ensure the 
maximum possible proportion of C, hydrocarbons to 
give reasonable gas off-takes in cool weather. 

The proportion of C, hydrocarbons in commercial 
propane is limited by the vapour pressure of 270 
p.s.ia. at 45° (113° 

The moisture requirements are not so rigid as those 
quoted in the U.S.A., merely being confined to “‘ free- 
dom from mechanically entrained water.” The main 
reason for this is that the U.K. does not have to con- 
tend with such low atmospheric temperatures as are 
experienced in certain parts of the U.S.A., and freez- 
ing of water vapour in regulators is a relatively rare 
occurrence. With very high off-takes, vaporizers are 
used. 

Mercaptan sulphur, which is sometimes left in the 
gas after washing treatment, is limited to 2 grains /100 
cu. ft. on account of complaints from consumers if it 
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is allowed to exceed this figure. Sulphides and di- 
sulphides are normally added as stenching agents to 
ensure adequate warning in case of a leak. 

A general account of some of the test procedures 
employed in the U.K. for L.P.G. and similar gases is 
given in the following sections. This account includes 
a detailed description of recent work which has been 
carried out in connexion with vapour pressure deter- 
mination, 


DETERMINATION OF COMPOSITION 
GAS MIXTURES 


OF 


Numerous versions of low temperature distillation 
equipment for the analysis of hydrocarbon gas mix- 
tures have been described in the literature of Podbiel 
niak and others,':*:* 4° and range from entirely manu- 
ally operated units to complex and costly assemblies 
incorporating automatic devices for controlling column 
pressure, reflux cooling, distillation rate, ete. Such 
apparatus is well known, and need not be described in 
any detail here. The apparatus selected by a given 
laboratory will depend on the nature of the gases to 
be analysed and the precision of the results required, 
and the actual distillation procedures employed will 
also vary for the same reasons. It follows therefore 
that even in the U.K., where the number of gas analy- 
sis laboratories is comparatively limited, it is no easy 
task to formulate a distillation procedure which would 
be generally acceptable, or indeed which would be 
applicable to all available types of apparatus. 

A preliminary attempt to carry out this task was 
made in 1945 by the Petroleum Gases Panel, and 
involved the publication of a general procedure for 
low temperature distillation,® giving hints on samp!- 
ing, safety precautions, a list of agreed figures for the 
boiling points of normally gaseous hydrocarbons, and 
the best available figures for the liquid specific gravi- 
ties of such constituents, for use in calculations. This 
information was subsequently re-written in greater 
detail as an IP standard method (present designation, 
IP 127/53), which, although not specifying any par- 
ticular design of apparatus, is nevertheless intended to 
be applicable to known commercially available equip- 
ment. In this method, particular stress has been 
laid on the importance of allowing the distillation 
column to come to full equilibrium under total reflux 
(except in the case of methane) before commencing 
the take-off of distillate and of following a carefully 
standardized procedure at “ breaks”’ to ensure 
that separation between components is as sharp as 
possible. 

It is, of course, necessary to carry out further analy. 
ses, ¢.g. for inerts, olefins, etc., on the various gaseous 
fractions obtained by low-temperature distillation, 
and in this case also diverse forms of analytical equip 
ment are available. Methods employing combustion 


procedures or absorption in various liquid reagents, or 
combinations of both. are commonly employed, and 
some form of Orsat, Haldane,’ or Gooderham appa- 
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ratus * is common in almost every U.K. gas analysis 
laboratory. A general review of such procedures was 
published by the Petroleum Gases Panel in 1949.9 In 
addition, spectroscopic procedures are extremely valu- 
able for the analysis of hydrocarbon fractions from a 
low temperature distillation apparatus, and an infra- 
red spectrometer is essential if a detailed analysis is 
required on the individual butenes in a ©, fraction. 
Those laboratories which employ such spectrometers 
find that they offer the added advantage of speeding 
up the low temperature distillation, since accurate 
fractionation is not always important if the fractions 
are to be subsequently analysed spectroscopically. 

During recent years a number of organizations in 
the U.K. have introduced mass spectrometers into 
their gas analysis laboratories, but the general use of 
such equipment is at present restricted by its high 
cost. 

No mention has been made in the foregoing section 
of weathering tests. Such tests are widely used for 
“ internal ”’ control purposes in refineries, but are 
difficult to bring into use as a common standardized 
method, owing to the diversity of available gas mix- 
tures to be examined, It is generally felt that heavy 
ends in butane and propane are best determined by 
low-temperature distillation analysis or by mass 
spectrometer. At least one laboratory, however, 
makes use of a mercury freezing test based on the 
NGAA procedure '” for rapid determination of butane 
in propane. 


DETERMINATION OF SULPHUR 
COMPOUNDS 


Total Sulphur. The general specifications issued 
by the Liquid Fuel Gas Industry Committee call for 
the use of IP 107. This is a lamp method, which 
makes use of a special wick-type burner when testing 
gas samples. The burner is fed with a supply of puri- 
fied, i.e, sulphur-free, air, and the oxides of sulphur 
produced by the combustion are absorbed in sodium 
carbonate solution, This solution may then be ana- 
lysed for sulphur content, using either a volumetric or 
a gravimetric procedure according to the accuracy 
required, If the concentration of sulphur is too small 
for accurate estimation by gravimetric means, then 
the use of a turbidimetric procedure is recommended. 

Mercaptan Sulphur Content. In the 1953 edition of 
IP “ Standard Methods,”’ IP 104 for the determina- 
tion of mercaptans in liquids was amended to include 
a procedure applicable to L.P.G. and similar gas 
samples. The method for gases is straightforward, 
and involves bubbling a known quantity of gas sample 
through three Drechsel bottles containing acidified 
cadmium sulphate solution to remove hydrogen sul- 
phide, followed by two further Drechsel bottles, fitted 
with sintered glass disks of No. ] porosity, and contain- 
ing measured amounts of standard (0-02 N) silver 
nitrate solution. The gas volume may be determined 
by direct measurement, using a gas meter, or alterna- 


tively, if the preferred type of sample container, com- 
prising a metal bomb of 200 ml capacity, is used, then 
the quantity of gas passed can be determined by 
weighing. At the conclusion of the test the contents 
of the last two Drechsel bottles containing silver mer- 
captides and unreacted silver nitrate are bulked, and 
the excess silver nitrate is titrated with ammonium 
thiocyanate, using ferric alum as indicator. The 
volume of gas sample taken depends on the mercaptan 
sulphur content, but if this figure is small, e.g. of the 
order of 1 grain/100 cu. ft., then a gas volume of at 
least 30 litres will be required. For high merecaptan 
contents, use may be made of a small gas sample tube 
of known volume, from which the sample is displaced 
by nitrogen. 

The method is not universally applicable, since 
acetylenes, known to be present in some gas 
streams, can interfere. A further slight disadvantage 
lies in the method of titration. . The Volhard titration, 
although well established, can, under the conditions 
of this test, give a rather indeterminate end point, 
and it is therefore very necessary for the operator to 
be fully experienced in interpreting such titrations. 
This difficulty occurs particularly if the gas sample 
contains methyl mercaptan, since this leads to the 
formation of a silver mercaptide which is yellow in 
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Table to Show Results Obtained when Determining Hydrogen 
Sulphide and Mercaptans Using Cadmium Sulphate and 
Cadmium Acetate Reagents for Fixing the Hydrogen 
Sulphide 


Mercaptan | 
sulphur | 
| Hydrogen sulphide | %) by Total mer- 


ye 
(Mol %) by : silver nitrate | captans 4 


Sample | (after re- hydrogen 
movalof | sulphide 
| Cadmium | Cadmium | hydrogen | 
| sulphate | acetate | sulphide) | 
X 407 =| 0-02 4-09 
: 417 0-02 4-19 
349 0-68 4:17 
3°53 | O70 4°23 
y | 491 0-07 4-98 
4-94 0-09 5-038 
449 0-48 4-97 
. 0-48 5-02 


colour and which therefore tends to mask the end- 
point of the titration. Ethyl mercaptan, on the 
other hand, gives a white mercaptide, which does not 
interfere with visual assessment of the end point. 

A further point which should be commented on is 
the use of cadmium sulphate acidified with sulphuric 
acid for removal of hydrogen sulphide. Initially, 
cadmium acetate acidified with acetic acid was used 
for this purpose, but it was found that this reagent 
could also absorb mereaptans, thereby giving a falsely 
high figure for hydrogen sulphide content and a mer- 
captan content much lower than the true value. This 


J 
4 
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is illustrated for two typical samples in Table I, which 
gives a comparison of mercaptan sulphur contents 
obtained, when using cadmium acetate and cadmium 
sulphate as alternative reagents for hydrogen sulphide 
removal. Further experiments, carried out with 
synthetic blends containing pure methyl mercaptan 
and ethyl mercaptan, confirmed that these materials 
were not absorbed in the cadmium sulphate solution, 
and this reagent was therefore recommended for the 
method. 

Hydrogen Sulphide. The present IP Method (IP 
103 /54T) for the determination of hydrogen sulphide 
specifies the use of acidified cadmium acetate for pre- 
cipitating the sulphide. However, in view of the 
findings, discussed in the previous section, that this 
reagent is unsuitable in the presence of mercaptans, 
method IP 103 has been revised, and in the next (1955) 
issue of IP Standard Methods acidified cadmium sul- 
phate will be specified. In the preparation of the 
revised draft opportunity has been taken to re-write 
the entire procedure, which is now being sub-divided 
to deal with two concentrations of hydrogen sulphide, 
these being : 


(a) concentrations of less than one mol per cent 
hydrogen sulphide ; 

(6) concentrations greater than one mol per 
cent. 


For the former procedure, the volume of gas sample 
used is metered in the normal manner, but for the 
higher concentrations of hydrogen sulphide, a mea- 
sured pressure of the gas sample is taken into a dry 
gas sample tube of known volume, and the gas is then 
displaced from the tube by means of nitrogen into a 
conventional absorption train comprising Drechsel 
bottles, containing the cadmium sulphate reagent. 
In both procedures the sulphide precipitate is filtered 
off and acidified in the presence of a measured volume 
of standard iodine, the excess of which is then esti- 
mated by titration with standard sodium thiosulphate 
solution. The filtration step was found to be impor- 
tant if olefins were present in the gas sample, as other- 
wise such compounds, possibly dissolved by the 
cadmium sulphate solution, tended to react with the 
iodine and cause a falsely high result to be obtained. 


MOISTURE CONTENT 


Although the L.F.G.LC. specifications do not call 
for a quantitative determination of the water content 
of L.P.G., it is frequently desirable to analyse gases of 
this nature for moisture content. Numerous methods 
for moisture determination have been developed in 
recent years, both for providing occasional checks and 
for regular routine control in the laboratory. Some of 
these methods are based on old established principles, 
but new techniques have been developed, following 
modern trends of applying physical methods in ana- 
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However, for the determination 
of moisture in hydrocarbon gases the well-known 
Fischer reagent, consisting of iodine, sulphur dioxide, 
and pyridine dissolved in anhydrous methanol, has 


lytical chemistry." 


proved very suitable. The reaction with water not 
only causes a decoloration of the solution which can 
be assessed visually, but will also depolarize platinum 
electrodes, thus permitting a more precise measure- 
ment of the end point by electrometric means, using a 
dead-stop technique." 

Several methods, based on this reaction, have been 
worked out at individual laboratories, and have been 
used with good reproducibility for the routine estima- 
tion of moisture in hydrocarbon gases. Some pro- 
cedures involve visual methods of assessing the end 
point of the titration, others measure this electro- 
metrically, depending upon the accuracy required. 
All, however, employ apparatus which is similar in 
general principles, comprising a titration cell in which 
the gas passes through the Fischer reagent, followed 
by a gas meter, with some form of drying tube or 
mercury-bubbler trap between the cell and the meter 
to prevent back-diffusion of moisture from the 
latter. 

In a typical assembly, as used in one laboratory, the 
gas to be analysed is bubbled through the Fischer 
reagent by means of a very fine jet, which for rates 
of flow below 1 litre/minute allows single bubbles to 
pass up through the reagent, The gas jet is mounted 
near the base of a cylindrical glass cell, being located 
immediately between two platinum electrodes, sealed 
in through the walls of the cell. The cell, which is 
closed at the top by a tapered ground stopper carrying 
the gas inlet tube, is also provided with two side tubes, 
one serving as a gas exit tube and the other being used 
for entry of Fischer reagent from a burette. The 
platinum electrodes are connected to a galvanometer 
and to a conventional dead-stop end point circuit, 
similar to those used for other applications of the 
Fischer reagent. 

When commencing a test, a few millilitres of Fischer 
reagent are first added to the cell to ensure complete 
freedom from moisture. The gas under test is then 
allowed to flow through the cell, bubbling up through 
the Fischer reagent, until the galvanometer needle 
drops to zero, at which point the gas entering valve is 
closed, The reagent in the cell is then at a ‘* deadened 
and a completely dry solvent is ensured, 
Fresh Fischer reagent is now added from a burette, 
connected directly to the cell. Using a 5-m! micro 
burette, as little as 0-Ol ml can be added at a time. 
This small amount is distributed sufficiently in the 
liquid by the gas stream itself, and the galvanometer 
needle registers immediately. Gas is allowed to 
bubble into the cell, from which it passes, through a 
drying tube, to a meter, the flow being continued until 
the galvanometer needle again drops to zero, The 
volume of gas required to effect this is measured by 
means of the meter, and the amount of moisture this 
volume contains is given by the water equivalent of 
the Fischer reagent added. 


state 


4 
\ 
\ 
3 


THE TESTING OF © 


This method has been employed for fairly dry hydro- 
carbon gases, where as little as 30 ug /litre (equivalent 
to a dew point of water of —50° C (58° F)) can be 
determined. The procedure has been found very 
suitable for routine use, since a large number of deter- 
minations can be carried out at frequent intervals, 
simply by “ energizing ”’ the cell with excess reagent. 

The method outlined above employs a plain jet for 
the diffusion of the gas sample through the Fischer 
reagent. In some laboratories, however, more elabor- 
ate means of gas diffusion have been employed, and 
include 


(a) Combined use of a fine jet with a magnetic 
stirrer. 

(b) Sintered disk bubblers. 

(c) Variable size annular orifice, together with 
a stirrer. 


The latter arrangement, which was devised in order 
to prevent choking of the gas jet with a greasy deposit, 
comprised an inverted cone at the end of the gas inlet 
tube with a movable rod inside the tube. The lower 
end of the rod was tapered and fitted into the cone at 
the end of the tube. Thus, by suitable adjustment 
of the rod, the size of the gas bubbles passing into the 
reagent could be controlled and any deposit formed at 
the gas inlet could be cleared. 

The rate of flow of gas which can be permitted 
through the reaction cell depends on the design of 
the cell and on the amount of moisture present in 
the gas. Both of these parameters can vary within 
such wide limits that it is probably necessary to 
determine the maximum rate for each case indivi- 
dually. Figures obtained at one laboratory showed 
that at a level of 15 mg of water per litre, a gas rate of 
25 litres/hr can be tolerated with a No, 3 porosity 
sintered disk, } inch diameter, whereas with an 
ordinary bubbler a rate of 5 litres/hr is too high. 
Work at other levels of water content has indicated 
that at higher water concentrations the rate should 
be lower than this, and conversely, at lower water 
concentrations, a higher rate may be satisfactory. In 
the latter event, however, care has to be taken that 
undue losses of methanol by evaporation do not occur. 
If the moisture content of the gas is very low, it has 


been found useful to prepare a Fischer solution of 


lower strength, and to use pyridine for the dilution to 
reduce evaporation losses. 

It has sometimes been found that the normal Fischer 
reagent does not store very well, and one laboratory 
has recommended that it is better to make up two 
solutions, one containing pyridine and sulphur dioxide 
in methanol and a second containing iodine in metha- 
nol. These solutions are mixed, and the resultant 
reagent then standardized immediately before a series 
of tests is carried out. The importance of using really 
pure pyridine has also been stressed. 

Such Fischer titrations can be carried out on gases 
containing olefins and di-olefins, but mercaptans react 
with the reagent, and if present must be determined 


AND SIMILAR HYDROCARBON GASES 


separately, and a correction made on the tentative 
assumption that the following equation holds true : 


2 RSH + I, —> RSSR +- 2HI, 


i.e. 2 mol of mercaptan are equivalent to | mol of 
iodine. Hydrogen sulphide also reacts with Fischer 
reagent, but it is not certain whether the interference 
is quantitative. 

Limited experiments with gravimetric methods of 
determining water in gases have shown that barium 
oxide is the best reagent for this purpose. It is, how- 
ever, necessary to purge the absorbent and drying tube 
with the gas under test prior to carrying out a deter- 
mination. 

Another method which has been tried at one labora- 
tory is based on the principle that when a hygroscopic 
salt or acid is kept in a dry state between two elec- 
trodes no current will flow, but as soon as the salt or 
acid has taken up sufficient moisture to make a con- 
tinuous film between the two electrodes, then current 
will pass. This principle can be applied to gases by 
using, instead of a hygroscopic salt, dry liquid am- 
monia. This has a low conductivity which increases 
considerably by the uptake of small amounts of water. 

An experimental apparatus for the application of 
this method to moisture in gases was constructed. 
The essential feature was a conductivity cell contain- 
ing two electrodes which consisted of two concentric 
stainless steel cylinders welded to strong tungsten 
rods sealed into the glass. These electrodes were 
connected to a Wheatstone Bridge circuit using A.C. 
current and an oscillator, giving 1000 ¢.p.s. Rigor- 
ously dried ammonia was introduced into the conduc- 
tivity cell, which was immersed in a bath of alcohol 
and solid carbon dioxide, maintained at a temperature 
of —60° C (—76° F). Liquid ammonia was run into 
the cell until the electrodes were just covered, and the 
conductivity was then determined. The gas to be 
tested was then passed through the cell at a flow rate 
of 100 ml/minute. Although the method was not 
found suitable for use on a routine basis, due to the 
considerable time (approximately | hr) required to 
prepare the apparatus and the comparatively small 
number of estimations which could then be carried 
out, it has been considered worthy of mention, in view 
of its unusual nature. It is applicable only to very 
dry gases containing between 0-002 and 0-03 mg 
water/litre and, of course, cannot be used with acid 
gases which interfere by reaction with the ammonia. 


VAPOUR PRESSURE 


It has been a well-established fact for many years 
that the Reid vapour pressure procedure is not entirely 
satisfactory when applied to liquefied petroleum gases. 
Although reasonable repeatability is obtained, the 
presence of air in the outage chamber—an inherent 
feature of the Reid procedure—means that the method 
commonly gives vapour pressure results for propane 
and butane which are markedly lower than the true 
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vapour pressures calculated on the basis of the deter- 
mined sample composition. Similarly, the results are 
low when compared with the values obtained by other 
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Illustration of Differences Between Results for Vapour Pressure 
of L.P.G. as Determined by Former NGAA Procedure and 
Reid Procedure 


(All determinations at 113° F. 


Results in p.s.i.a.) 


| 
| Vapour pressure, p.s.i.a. | 
P | Difference 


Labora- | Sample y NGAA 
| ormer 
tory | reference | NGAA Reid ey 
procedure | procedure 
A l | 
| | |s 
2 81-7 69-6 
81-7 69-5 11-2 
81-2 70-2 if 
B 3 91-7 78-6 13-1 
4 77:7 64-6 13-1 
5 77-7 64-6 13-1 
6 76-7 62-6 141 
7 93-2 10-7 
8 89-7 | 81-1 8-6 
9 92-2 84-1 | 81 
10 | 91-7 | 78-5 13-2 
C 54-0 9-5 
12 73-5 61-5 12-0 
13 20 73-5 8-5 
14 114-5 93-0 21-5 
15 149-5 131-0 
132-0 
16 218-5 201-0 pas 
201-0 


methods, as for example, when using the former design 
of NGAA vapour pressure bomb.'* Results to illus- 
trate such differences are quoted in Table II. These 
figures, typical of many others not reported, were 
obtained at three laboratories, each testing samples 
differing slightly from those examined at the other 
two; nevertheless, it will be seen that at a test tem- 
perature of 45°C (113° F), the Reid method gives 
results for butane and propane-containing gases which 
are approximately 10-15 p.s.i. lower than those 
obtained using the NGAA apparatus. In other words, 
figures for the vapour pressure of L.P.G., as deter- 
mined by the Reid procedure, can be unrealistic and 
misleading. 

The figures quoted in Table LI were obtained several! 
years ago as part of a co-operative investigation into 
‘vapour pressure methods, carried out by members of 
the Petroleum Gases Panel. The Panel had for some 
time been dissatisfied with the Reid procedure, and 
therefore studied with great interest the details of 
revised NGAA technique, at one time referred to as 
the “inverted Reid procedure,” and subsequently 
described in the 1951 revision of NGAA specifica- 
tions,’ when these were received in the U.K. These 
details were received in the first instance from the 
Liquid Fuel Gas Industry Committee, which requested 
the IP to investigate the new NGAA (inverted Reid) 


method, with a view to its possible standardization 
inthe U.K. Preliminary studies by members of the 
Petroleum Gases Panel, at their individual labora- 
tories, produced favourable reports and it was, in 
general, found that results by the “inverted Reid 
Method ” were higher than the normal Reid values 
by the same order of magnitude as the figures given 
in Table LI, and that in fact, satisfactory agreement 
was obtained with determinations carried out using 
the earlier NGAA apparatus. Such results un- 
doubtedly corresponded with similar work, carried 
out on a much larger scale, by the NGAA, but details 
of this latter work were not available to the Petroleum 
Gases Panel when this Panel began its studies of this 
revised procedure. Figures obtained during the 
course of these studies are quoted in Tables ILI, IV, 
and V. 

The tests by the so-called “ inverted Reid " pro- 
cedure, as reported in Tables Il, LV, and V, were 
carried out in most cases using standard vapour pres- 
sure Reid bombs, although one or two of the partici- 
pating laboratories constructed special bombs, with 
chambers conforming to the dimensions of the Reid 
apparatus, but capable of withstanding much higher 
pressures, and which therefore were suitable for use 
with propane samples. Such “ home-made "’ pieces 
of equipment were inevitably heavy and unwieldy, 
and consideration was therefore given to the possi- 


Results c, Some Early Studies Made to Compare Former NGAA 
Vapour Pressure Procedure with Revised NGA A Inverted 
Reid "’) Procedure 


(All results in p.s.i.a.) 


Vapour pressure, 


Difference 
Test inverted 

Labora- | Sample temp., Revised Reid 
tory ref, , Former NGAA | minus Old 

NGAA | procedure| NGAA 

procedure | (Inverted 
| Reid) 
\ 113 85-7 84-7 #1) 0 
85:7 852 
2 113 81-7 80-7 
113 81-7 |$ 
113 87-2 80-7 f 

113 O17 92-2 

4 100 76-7 1-5 

5 100 72-7 74-2 

6 100 72-7 73°7 10 

7 100 70-7 20 

( 113 77-0 77-5 Os 

9 113 73-6 73-5 Oo 

10 | 113 96-0 06-5 

1] 113 159-5 160-0 0-5 


bility of designing a standard piece of apparatus, which 
would be as light as possible, consistent with the 
required dimensions and the required operating pres 
However, detailed work on the design of a 


sures. 


ds 
: 


suitable vapour pressure bomb brought to light an 
unforeseen problem. 

This problem, which has made the task of the Petro- 
leum Gases Panel very much less straightforward than 
that of the American standardizing bodies, arose from 
the specified test temperature of 113° F which is 
required in the U.K. for vapour pressure determina- 
tions on L.P.G., as compared with the slightly lower 
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visualized that excessive cooling, when charging the 
sample, could lead to the vapour pressure bomb and 
its contents being reduced to a temperature approach - 
ing that of the boiling point of C, hydrocarbons. 
While such a condition was thought unlikely to occur 
in the hands of an experienced operator, it was never- 
theless felt that the possibility could not be ruled out. 
From this it followed that, whenever a vapour pressure 


IV 


Results of Co-operative Tests, Using Revised NGAA (Inverted Reid) Procedure, on Samples of Propane and Butane, Together 
with some Compurisons with Results Obtained by Other Procedures 


(Kesults in p.s.i.a.) 


Sample Propane Kef, G 825 Butane Hef, G 826 


| 
Procedure Revised NGAA (Inverted Revised NGAA (Inverted Reid) | 
| 


Former | 


| Wormer | Normal Normal 
Operator Levia- | NGAA Reid Operator | | Devia- | NGAA | Reid 
Mean | tion from | procedure} procedure) Mean | tion from | procedure! procedure 
Laboratory | | | result overall | | | | result | overall | 
a) (2) } mean (2) } | mean | 
( | 226-0 +10 | 996-5 | | 96 8 09 | 93-0 81 
228-7 | 2997 | 406 | | | 967 | +14 | | 
is | | 16 | 2216 213-2 O44 4-4 | Oded 9-4 | 80-6 
$91°7 | 9897 | 9 | 97-1 94-45 
{ $2207 | 7 | a2 | | | $909 6| 6 | +03 | | 
Mean results. 223-1 | 223-2 | 212-6 | | 926 | 810 
Note; All determinations at 113° FP, 
V 
Co-operative Vapour Pressure Tests on a Sample of Butane, Using the NGAA (Inverted Reid) Procedure 
(All determinations at 113° F. Results in p.s.i.a.) 
Sample Bulk sample of butane, distributed to various laboratories in individual containers 
Container reference | Ww Y Z 
Laboratory Operator | Operator Operator | Operator 
Mean Mean | -| Mean |—~ Mean 
© 80-6 80-25 81-0 | 80-5 80°35 | 805 79-5 80-0 
82:7 | | 80-6 81-75 | 
{| 81-55 | 822 | 879 | | | 91-06 
| 80-9 80-9 
B {| | sog | 
Means 80-95 80-0 80-9 
Overall mean 80-75 


figure of 100° F commonly employed in the U.S.A. 
It is often necessary, in the U.K., to determine the 
vapour pressure of gases which are rich in propylene, 
a material which has a relatively high coefficient of 
liquid expansion, and the question was therefore raised 
as to whether 25 per cent expansion volume (as pro- 
vided by a “bomb” with chambers conforming to 
the Reid design) was sufficient to cover all conditions 
of operation which might normally be encountered 
when handling this material. It was, for example, 


determination was carried out at 45°C (113° F) on a 
propylene-rich sample, a possible hazard could exist 
due to the liquid expansion of the sample approaching 
or exceeding the available outage space in the bomb. 
In the case of a sample consisting of pure propane, 
such a risk is limited. As an example, let it be 
assumed that the “80 per cent ” chamber is full of 
liquid propane at —-46° C (51° F), ie. slightly below 
the boiling point of pure propane. This chamber is 
connected to the 20 per cent volume chamber, and the 
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apparatus is immediately put into the test bath, which 
is maintained at a temperature of 45°C (113° F). 
The densities of propane under self-pressure at —46° C 
(—51° F) and 45° C (113° F) are respectively 0-585 and 
(0-465, representing a volume increase of 25-75 per 
cent, as compared with the average outage of 25 per 
cent and the specified range of 24-7 to 25-4 per cent. 
Allowing 0-1° C (0-2° F) excess temperature above the 
required value of 45° C (113° F) for the bath tempera- 
ture, the compression, at worst, would be under | 
per cent and the pressure developed would be of the 
order of 40 atmospheres, as compared with the specified 
test pressure of nearly 70 atmospheres, i.e. 1000 
p.s.i. In other words, for propane, under such con- 
ditions of mal-operation, distortion or rupture of the 
bomb is unlikely to occur, and it follows that at the 
lower test temperature of 37-8° C (100° F), e.g. as in 
the U.S.A., the risk can be neglected. 

For propylene, 25 per cent outage just covers the 
expansion from —46°C (—51° F) to 378°C (100° 
F). Taking figures of 0-60 and 0-483 for the densities 
of propylene at these two temperatures, the expansion 
is 24-8 per cent, as compared with the minimum per- 
mitted outage of 24-7 per cent, t.e. for 4-05: 1 ratio 
between the two chambers. It is clear therefore that 
on raising the temperature to a higher value such as 
45°C (113° F), as required in the U.K., the liquid 
expansion of the propylene would be markedly greater 
than the available outage space. The actual value 
for the expansion of propylene over the temperature 
range of —46° C (—51° F) to 45° C (113° F) is 29 per 
cent, giving a maximum compression of 3-6 per cent 
(based on the 4-05: 1 ratio). Under such conditions 
the hydraulic pressure developed could exceed the 
test pressure, with consequent rupture of the appara- 
tus. It has been further calculated that if the tem- 
perature range must be limited to give an exact 
liquid fill at 113° F with no hydraulic pressure, then 
the lowest safe temperature of charging permitted by 
the 4:05: 1 ratio is —25° C (—13° F). 

Various methods, of course, can be employed to 


overcome this difficulty. The most simple, that of 


reducing the test temperature from 45° C (113° F) to 
37-8° C (100° F), would be difficult to bring about, as 
the former figure, although not a specific legal require- 
ment, is now universally accepted in the U.K., since it 
relates to a British Standard Specification (BS 1736/51) 
covering filling ratios for liquefiable gases and in 
which it is laid down that in “ temperate climates,” 
eg. the U.K., the temperature of the contents of a 
container is not likely to exceed 45° C (113° F).* In 
any case similar, and in fact even higher, test tem- 
peratures are mandatory in other countries, and it had 
to be borne in mind that the use of the apparatus 
would not be limited to the U.S.A. and the UK. 
Typical values for the temperatures at which vapour 
pressure determinations must be carried out, based on 


* This British Standard is based on recommendations made 
in the * Fourth Report of the Gas Cylinders Research Com 
mittee of the Department of Scientific and Industrial Research 
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published specification requirements for various other 
countries, are listed below : 

France . P . (122 

Germany © (104 

Israel 

Australia 

Rumania ; i © (104° F) and 60° C (140° FP) 

A first approach to the problem therefore was to 
consider altering the volume ratio between the com. 
partments of the bomb so as to increase the outage 
space to a safe value. The Petroleum Gases Panel, 
however, although unanimously of the opinion that 
safety was the over-riding consideration, was also 
fully aware that such a solution would mean that an 
“IP bomb,” constructed on the above basis, i.¢. with 
a modified volume ratio, would differ radically from 
the NGAA bomb, whose adoption was known to be 
under consideration by the ASTM, and which was 
subsequently standardized by the ASTM in Method 
D 1267-53. It was appreciated that any action which 
would mean the use of different vapour pressure 
equipment in the two countries would be a retrograde 
step, as it was foreseen that many organizations would 
then find themselves in the undesirable position of 
having to employ, according to specification require- 
ments, two designs of vapour pressure bombs in their 
laboratories. 

The possibility of specifying a minimum sampling 
temperature was found to be impracticable, as the 
operator charging a vapour pressure bomb with 
L.P.G. has relatively little control over its tempera- 
ture, and indeed often finds it necessary in order to 
facilitate transfer of sample, to allow a portion of the 
liquid to evaporate so as to cool the apparatus well 
below the temperature of the sample. Consideration 
was also given to the possibility of reducing the volume 
of the sample to 80 per cent of the total volume of the 
bomb assembly immediately after charging, as is the 
normal procedure, and then readjusting the volume to 
80 per cent when the sample had warmed to a specified 
temperature, such as 60° F. This proposal, however, 
found little favour, as it was feared that this second 
bleeding-off of liquid at a higher temperature might 
lead to an unrepresentative loss of light ends, partieu 
larly if the sample contained small amounts of C, 
hydrocarbons. 

A compromise proposal was therefore put forward 
to overcome the differences between the IP and the 
NGAA—ASTM procedures—differences which, it 
should be emphasized, are not due to divergence of 
technical opinion, but merely to variations in “ local 
test requirements, ¢.g. temperature of test. It was 
proposed that the IP procedure for vapour pressure 
determinations on L.P.G, should be based on the use 


of 
(4) The NGAA/ASTM bomb for butane and 


propane samples. 


(1929) and subsequently adopted in BS 401 Steel Cylinders 
for the Storage and Transport oft Licque fiable Clases 
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(b) A partially modified bomb, incorporating 
the standard “ large ’”’ chamber of the Reid bomb, 
but with a double-capacity outage chamber, i.e. 
1:2 ratio between the chambers instead of the 
usual 1:4 ratio, for use when testing propylene 
and similar materials at temperatures of 45° C 
(113° F), 


In other words, for butane and propane samples the 
proposed [P apparatus and procedure will be identical 
with those specified by the ASTM (except for the 
difference in test temperature). The IP apparatus, 
however, will make special provision, by utilization 
of an alternative outage chamber of larger capacity, 
for the safe testing at 45°C (113° F) of propylene. 
At the time of preparation of this paper, this proposal 
has not yet been finally accepted, as it is necessary 
to confirm that the use of a larger outage chamber 
will not have any significant effect on test results. 
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A RAPID METHOD FOR THE DETERMINATION OF NON-HYDRO- 
CARBON GASES IN COMMERCIAL LIQUID FUEL GAS* 


By A. E. HERON t 


SUMMARY 


The non-hydrocarbon gases in bottled liquid fuel gas and similar gases can be determined by measuring the 


residual gas after absorption of the hydrocarbons in glacial acetic acid. 


Both saturated and unsaturated hydro 


carbons are rapidly dissolved, and by using two absorption pipettes, the first for removal of the major part of 
the soluble gases and the second for removal of the residual hydrocarbons, virtually complete absorption of the 


hydrocarbons is achieved. 
of oxygen and nitrogen. 
deseribed. 


INTRODUCTION 


It is desirable to know the amount of the non-hydro- 
carbon gases present in bottled liquid fuel gases, be- 
cause this has a bearing on the behaviour of the gas 
used with it in the burner. Complete analysis of the 
gas in each cylinder would be costly, so an alternative 
method was sought. It was known that hydro- 
carbons are very soluble in acetic acid (1 vol of glacial 
acetic acid will dissolve more than 12 vol of C,-C, 
hydrocarbons), and it seemed possible that a method 
based on the use of this reagent in an Orsat-type 
apparatus would be satisfactory. Experiments were, 
therefore, carried out to investigate this possibility. 


EXPERIMENTAL 


Completeness of the Absorption of Hydrocarbons in 
Acetic Acid 


To test the completeness of the absorption of the 
hydrocarbon gases in acetic acid, samples of bottled 
fuel gas were scrubbed, successively, in two Orsat 
pipettes containing acetic acid, until no further 
diminution of volume occurred (Fig 1 shows a diagram 
of the apparatus). The residual gas was then stored 
in the spare pipette. Several runs were carried out 
on the same sample of gas, and the successive volumes 
of residual gas were added together, until finally a 
sufficient volume for transfer to a Bone and Wheeler 
gas analysis apparatus was collected. The gases 
were passed through sodium hydroxide solution, trans- 
ferred to the Bone and Wheeler apparatus, and sub- 
mitted to complete analysis. In addition, the analysis 
of a number of samples of residual gas were carried 
out on a constant pressure gas analysis apparatus 
suitable for the complete analysis of gases. In all 
cases the analysis showed that absorption of tne 
hydrocarbons was virtually complete (Table 1), the 
maximum amount of hydrocarbons in the undissolved 
gases being 2 per cent. The residual gas was essen- 


* MS received 8 June 1954. 


Analysis of the residual gas has shown that it consists almost entirely of a mixture 
A modified Orsat-type apparatus and the technique for carrying out the analysis are 


tially a mixture of oxygen and nitrogen, not necessarily 
in the exact ratio in which they are present in air, 


acid 


Fie 
LINE DIAGRAM OF MODIFIED ORSAT APPARATUS 


G, H, J, K, and L, are three-way taps. 
M, N, O, and P, are double-oblique-bore taps. 


Reproducibility 
Because a small amount of hydrocarbons had been 
found in two cases when the residual gas was analysed 
two slightly different procedures were tried. 


+ Imperial Chemical Industries Ltd., Research Department, Billingharn Division. 
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In the first, an additional absorber containing 
glacial acetic acid was added to the Orsat apparatus. 
100 ml of the sample was taken and passed to and fro 


Analysis of Rexidual Gaa after Solution of the Hydrocarbons 
in Acetic Acid 


Kesidual gas Analysis of residual gas 
Vol of 
xpt | fuel gae of gas 
risen] other 
Vol Ml Mi Mi than 
P 4 4 
nian Ng | hydro 
| carbons 
16 od Ol 14 
if’ 2 42 | 97-0 
100 14 | | Os 100-0 
100 17 1-7 Od 1 13 100-0 
1-8 ed od oOo” 100-0 
Ol ol 12 | 100-0 
j dl Od | 12:4 100-0 


hetween the measuring tube and the first absorber 
containing acetic acid until the volume was constant. 
It was then passed and repassed into the second 
pipette containing acetic acid until no further diminu- 
tion in volume occurred, The reading was then 
recorded, and as manipulation with this small volume 


Taste Il 


Comparison of Results using Two Slightly Different Procedures 


First method 
Second 


Volume after method 


Sample | 
0 
ann residun 
npette ote 
my ml of air NaOH gas 
\ 1-6 11-7 11-7 1-7 1-7 
1-7 11-7 11-8 1-6 
1-7 118 1-8 17 
1-7 11-6 1-6 1-6 
B 2-2 12-4 12 2-4 2-3 
2:3 12-4 12-5 2-4 
( 11-7 11-6 16 1-8 
11-6 11-6 1-6 1-7 
1-2 11-2 1-2 1-2 
11-2 ‘31-2 1-2 1-2 


of gas was difficult, 10 ml of air was drawn into the 
measuring tube and then mixed with the residual 
gas; it had been established previously that air has 
a negligible solubility in acetic acid. 


residual gas and air was then passed into the third 
pipette, also containing acetic acid, until no change of 
It was finally passed into the 


volume occurred, 


A RAPID METHOD FOR THE 


The mixture of 


DETERMINATION OF 


pipette containing sodium hydroxide to remove acetic 
acid vapour and the volume was then read. The per- 
centage of residual gas was obtained by subtracting 
from this reading the volume of air added during 
the analysis. 

In the second procedure the apparatus was as 
shown in Fig 1, only two of the pipettes containing 
acetic acid. The measured sample was passed into 
the first pipette until 90 to 95 per cent was absorbed. 
It was then stored in this pipette and 10 ml of air 
were drawn into the measuring tube. The air and 
residual gas were then mixed and passed into the 
second pipette containing acetic acid until no further 
change in volume took place; finally, the gas was 
passed into the pipette containing sodium hydroxide 
and the volume measured, Samples of the gasified 
liquid phase from several cylinders were tested by each 
method; the results are given in Table II. 

The results indicate that there is no advantage in 
using the first method, as those obtained for the 
second are equally good, the variation being not more 
than +01 per cent on the average. It is also clear 
from the analyses of the residual gas given in Table I 
that successive treatment in two pipettes containing 
acetic acid will remove all but a negligible amount of 
hydrocarbon gas, and that the use of a third is un- 
necessary. 

The reproducibility of the method is +0-1 per cent 
on the reported figure. 

It is stressed that the method as described relates 
specifically to commercial liquid fuel gas. The device 
of absorbing gaseous hydrocarbons in glacial acetic 
acid should not be applied indiscriminately to the 
analysis of gas samples, for these may contain other 
gases soluble in acetic acid, or in the sodium hydroxide 
used to remove acetic acid vapour, ¢.g. carbon dioxide ; 
such gases are not present in commercial liquid fuel 
gas. 


Method 


(1) Apparatus. (a) A modified Orsat-type appara- 
tus (Fig 1) consists of a 100-ml gas measuring burette 
A with three-way tap L, a manifold of four three- 
way taps, four bubbler-type pipettes B, D, C, E, a 
levelling aspirator, and an aspirator which serves as a 
reservoir for acidified brine used as the confining fluid. 
The measuring burette (Fig 2) is water jacketed. 
Two of the pipettes are for acetic acid, the third for 
sodium hydroxide solution, and the fourth serves as 
a storage pipette and additional reservoir for confining 
fluid. 

(b) Sample vessel. This consists of two 500-ml 
aspirator bottles 8, R, connected by rubber tubing, 
one of these, R, being fitted with a three-way tap; 
acidified brine is used as the confining fluid. 

(2) Reagents. (a) Acetic acid-glacial. (b) Sodium 
hydroxide solution. Dissolve 250 g in water and 
make the volume up to 1 ‘litre. 

(ce) Acidified brine confining fluid. Dissolve 400 g 
of sodium chloride in about 1} litres of water. Add 
15 ml of concentrated sulphuric acid, 20 ml of an 0-1 
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per cent solution of methyl orange and make the 
volume up to 2 litres. 


Procedure 


At the commencement of the analysis the connecting 
tubes between the pipettes and manifold must be 
filled with liquid drawn from the appropriate pipette 
Three-way taps G, H, J, K are closed to the pipettes 


THIS PORTION OF TUBE GRADUATED WN O.2 ML 


2s 


Fia 


MEASURING TUBE FOR MODIFIED ORSAT APPARATUS 


but open to the manifold; L is turned to connect the 
burette to the manifold and aspirator F is isolated. 
Connect the sample aspirator R, containing the 
sample, to the end of the manifold ; raise the aspirator 
S so that the level of the liquid is above that in R. 
Raise the levelling bottle Q and allow the confining 
liquid to travel right along the manifold to the far 


side of the sample aspirator tap, sweeping all air out 
of the taps and connexions. Turn the aspirator tap 
to connect the sample vessel and measuring tube. 
Lower the levelling bottle and draw into the measur- 
ing tube more than 100 ml of sample. Turn tap G 
to connect the measuring tube and pipette E. Turn 
the aspirator tap to close the aspirator R. Raise the 
levelling bottle Q to compress the gas in the measur- 
ing tube and, with finger and thumb, nip the connect- 
ing tube between the burette and levelling bottle Q. 
Lower Q, keeping the tubing compressed between 
finger and thumb. Then gently release the pressure 
and allow the meniscus to fall slowly till it coincides 
with the lower 100 ml graduation of the measuring 
tube. 

Nip the connecting tube and open G for a moment 
to the atmosphere, Close G, raise the levelling bottle 
Q till the surface of the confining liquid in Q and the 
measuring tube are at the same level. Check that 
the reading corresponds to 100 ml of sample. Turn 
tap L to close the measuring burette and connect 
the manifold to the reservoir F; open tap G and fill 
the manifold to tap G with fluid from the aspirator F. 
Turn tap G to connect the measuring tube and the 
pipette E. Turn tap L to isolate F. Raise the 
levelling bottle and, cautiously opening tap M, allow 
the liquid in the manifold to reach the far side of tap 
K; turn K to connect the measuring tube and pipette 
B; close M; open P so that the gas can bubble 
through the liquid in the pipette. Turn P through 
180° and transfer the gas to the measuring tube. 
Pass and repass the gas into B until no further reduc- 
tion in volume occurs, 

By manipulation of the levelling bottle and the 
tap P, draw the level of the acetic acid to tap K; 
turn K to open the manifold. Once again manipulate 
the levelling bottle and tap M, and drive the liquid in 
the manifold to the far side of tap J; close tap M. 
Turn tap J to connect the measuring tube and the 
pipette C. Turn tap O so that the gas bubbles into 
the pipette and confining fluid passes from the 
measuring tube to reach tap J; close tap J to pipette - 
but open across the manifold. Turn tap G open across 
the manifold. 

Draw into the measuring burette a quantity of air 
and adjust the volume to 10 + 05 ml. Raise the 
levelling bottle Q till the surfaces of the confining 
liquid in Q and the measuring tube are at the same 
level. Read accurately the volume of air in the 
measuring tube. ‘Turn tap L to isolate the measur- 
ing burette, and purge the manifold, as previously 
described, from the reservoir F through tap G. 
Turn G to connect the manifold and pipette E. 
Raise the levelling bottle, and by manipulating tap M, 
drive the confining fluid along the manifold to tap J ; 
turn J to connect the measuring burette and pipette 
C. Turn tap O to admit the measured volume of air 
to the pipette C. Pass and repass the gas through the 
acetic acid in pipette C in the manner previously 
described for pipette B. Transfer the gas from the 
pipette to the measuring tube and read the volume. 
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Pass the sample twice again through the acetic 
acid and read the volume. Repeat these operations 
as may be necessary until no further diminution in 
volume is observed. 

Raise the levelling bottle and open tap M so that 
the confining liquid in the manifold recedes to the far 
side of H; turn H to connect the measuring tube and 
pipette D. ‘Turn tap N and allow the gas to bubble 
into the pipette D; turn N through 180° so that the 
gas may be drawn again into the measuring burette. 
Repeat the operation twice. 

Finally, draw all the gas sample from the pipette, 
the sodium hydroxide solution being raised to tap H. 


Tne death of Frederick Gerald Rappoport in Dee- 
ember last, at the age of seventy-eight removes yet 
another of that small body of engineers who financed 
British oil industry by service in the Baku oilfields of 
Russia. Like the other British Engineers selected for 
oilfield duties between 1900 and 1913, he spent an 
eventful and active life as petroleum technologist 
or field manager of Anglo-Russian oil companies. 
Trained as a mechanical engineer in the Newcastle 
works of Hawthorne Leslie & Company, he continued 
in their service as draughtsman until, in 1901, he was 
appointed oilfield engineer to the Baku Russian 
Petroleum Company, Whilst in the service of Haw- 
thorne Leslie, his engineering abilities were rewarded 
by the granting of a Whitworth Scholarship. 

From 1901 to 1908 when occupying varying 
positions with the Baku oil companies, he shared with 
the few other British engineers the responsibility of 
introducing many innovations designed to cheapen 
the production of oil and improve drilling and pro- 
duction technique at a time when little local regard 
for economy was entertained by Russian oil men. 

Deplorable political and labour troubles in the 
Baku oilfields drove British financiers to the Western 
end of the Caucasus, and from 1908 to 1913 the 
deceased held the position of general manager to the 
Anglo-Maikop Corporation (Tweedy Group), where 
from Apsheronskaya in the Kuban Province he 
directed the operations in that region which included 
oilfield operations, pipeline work, and _ refinery 
duties, 

When political and other exigencies compelled a 
retirement from that position he returned to England, 
and at the beginning of the 1914/18 war took a course 
in oil geology at the Royal College of Science, and, in 
consequence, became an Associate of the Royal 
School of Mines, In 1915 @ position was accepted as 
assistant field manager of the British Burma Petroleum 
Company in Upper Burma, and from that post he 


was withdrawn in 1917 for service with the Royal’ 


Engineers in Mesopotamia. When released from 
army duties in 1919 he undertook consulting work for 


OBITUARY 
FREDERICK GERALD RAPPOPORT 


Close N and turn tap H to open the manifold. Lower 
the levelling bottle cautiously, open tap M and allow 
the confining fluid to flow right along the manifold to 
the tap L; close tap M. Raise the levelling bottle Q 
till the surface of the confining liquid in Q and the 
measuring tube are at the same level. Read the 
volume of gas in the burette. 

Then percentage of non-hydrocarbon gas in the 
sample 


=Vr—Va 


where V7 is the final volume (ml) of gas in the burette 
and V, is the volume (ml) of air added. 


various interests that necessitated journeys to a 
number of countries, including Poland, Africa, South 
America, and Malaya. An investigation of the oil 
prospects of Siam led to his engagement as adviser on 
oil matters to the Siamese Government. 

In 1927 he accepted an invitation to become 
general manager of the British Controlled Oilfields 
Ltd. in Venezuela, and in that capacity, together with 
the managership of the wholly-owned subsidiary 
Anglo-Ecuadorian Oilfields, he made his domicile in 
Venezuela. This position was retained until 1944 
when he was invited to return to England to occupy 
a seat on the Board as technical director. Owing to 
indifferent health, he was compelled to relinquish his 
London position in 1949 and retired to Bournemouth 
for a well-earned rest. 

He will be remembered by those he served as an 
intensely loyal, indefatigable, and conscientious 
worker who could be trusted to carry out meticulously 
any task, however exacting, entrusted to him. By 
those who served under him he will be remembered as 
a compassionate, patient listener to their worries, 
annoyances, and anxieties. He was never angered 
by querulous complaints nor lost his equanimity 
under adverse circumstances. Nothing disturbed his 
even temper, and this quality served him in good 
stead when dealing with situations in foreign lands 
calling for a considerable degree of tact and circum- 
spection when handling delicate negotiations and 
deciding contentious questions. As a thoroughly 
competent engineer he was able to instil into his staff 
those feelings of reliance which ensure smooth and 
efficient operations. 

He was a Member of the Institution of Civil 
Ungineers, a Fellow of the Institute of Petroleum, a 
Member of the Institution of Mechanical Engineers, 
and a Fellow of the Geological Society. He is survived 
by his wife, Vera, and a married daughter. The loss 
of two sons under tragic circumstances, one in the war, 
and one in school sports, was a shock which left an 
indelible mark on the health of the parents. 

A. B-T. 
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CORRESPONDENCE 
SURFACE FAILURE IN GEARS 


The Editor, Journal of the Institute of Petroleum. 


Sir, 

Cameron’s method of estimating the thickness 
of the lubricant film in gears* has met with some 
criticisms, according to the discussion which is recorded 
after the article. Cameron undoubtedly believes that 
there must be an organized film over the tooth faces, 
and although he is on the whole right, I am inclined to 
give more weight to these criticisms than the author's 
answers offered in defence of his detection method. 

It is not surprising that there should be many pos- 
sible criticisms of this kind of pioneering experiment, 
and my impression is that although it undoubtedly 
fails in its original objects the experiment has the 
merit of revealing one or two new points about the 
resistance method in general. This perhaps justifies 
the re-opening of the discussion. 

According to the data given, in order to measure the 
film thickness Cameron passes across this film an 
electric current up to say 14,000 amp/sq. cm. of the 
Hertzian zone (the elastically ‘‘ flattened-out "’ region). 
With the current density of this magnitud> it seems 
only reasonable to suppose that Dr Cameron in reality 
explodes the film before the measurement. It would 
follow that he in fact does not measure the film at all 
but only some other quantity, not even likely to be 
related to the film thickness. 

Indeed, there is no reason to suppose that the bulk 
of the discharge could miss the region of nearest 
approach, The greatest possible film thickness theor- 


etically is of the order of 10 cm (ef Lewickit). In the 
experiment discussed it is clearly less than that. Even 


taking it at 10 cm, the total amount of the fluid 
crossing the zone is obviously very small. This is 
coupled with the exceedingly high resistivity, a well 
known feature of usual lubricating oils. 

These are more or less obvious arguments for the 
explosion. However, in all fairness it should be said 
that there is just a chance that very thin films of this 
kind are super-conductive, by some ionic, or even 
electron mechanism, of conduction, which becomes 
operative under the strained conditions of the Hertzian 
zone. This is, of course, a mere speculation, as the 
only analogues known in physics are the tunnel-effect, 
operative for gaps not exceeding say 10 A (the actual 
film thickness is perhaps 1000 to 10,000 A), and the 
field emission when the field is in excess of say 107 
V/cm (the actual field is perhaps 1000 V/cm). 

Another argument in defence of Cameron's experi- 
ment would be that the heat dispersal is helped greatly 
by the minute thickness of the film, and so the film can 
certainly pass much more current than it would be 


* J. Inat. Petrol., 1954, 40, 191. 


possible with a lubricant in bulk without exploding it 
instantaneously, If any of these positive effects 
could be elaborated or confirmed experimentally, it 
would mean a great deal to the science of engineering 
and physics alike, and it would indeed be a gratifying 
outcome of Cameron’s experiment. 

Quite apart from the problem of high density current 
the experiment is fundamentally inadequate, because 
it takes no account of electric transients. The 
measured quantity is taken for a DC current, while in 
fact it is a high frequency random pulsating current, 
where entirely different physical laws operate. The 
electric field across the gap fluctuates because of the 
unavoidable surface asperities, vibrations in bulk, 
metallic debris, ete. In the circumstances the fact 
that the resistance measured is, say, a millionth of 
what it should be theoretically, shows only the extent 
of transients, but gives no clue at all for the film 
thickness. 

In the past there were other instances of the abuse 
of the resistance method in conjunction with moving 
surfaces. But if applied intelligently the method can 
be turned into a useful tool of scientific enquiry in the 
film thickness measurements. 

In the discussion which follows Cameron's article, 
J. Mills suggests the use of inductive capacitance as a 
means of measuring the film. I have been using this 
method for the same purpose for some years at London 
University, and a detailed account of this work will be 
published shortly. However, in the present discussion 
a few details which may be of general interest, follow. 
The method on the whole appears easier than the 
resistance method, but it has its own limitations and 
drawbacks. 

The capacitance between two parallel and. infinitely 
long cylindrical surfaces, in yuF per unit length of the 
axis, is found to be very nearly 


C 8/3-6V Kh 


where 4 is the premittivity of the lubricant, A is the 
distance between the cylinders (assumed to be small in 
relation to either of the diameters), and K is the 
mean curvature defined by 


where D,, D, are the cylindrical diameters. 

The expression (1) can be used for rough estimates 
of the minimum thickness (h) from the observed 
capacitance (C). In the average loaded conditions of 
operation the film thickness thus found will approxi. 
mate the true thickness. By the true thickness / is 
an expression analogous to (1), in which an allowance 


+ Engineer, Lond., 1954, 197, 920. 
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is made for the effect on C of the elastic distortion on 
the one hand and the cavitation on the other. The 
film in question is always associated with a substantial 
cavitation next to the Hertzian zone, similarly as with 
sliding bearings, and this cavitation has a definite 
effect on the capacitance, 

Although my experimental work in the long run 
confirms my hydroelastic lubrication theory * it is 
necessary to add a word of warning to the prospective 
users of the capacitance method. The precautions 
needed to obtain accurate results are much more 
stringent than anything yet published on the subject, 
in conjunction with the resistance method. 

Yours faithfully, 
W. Lewicki 
London, 
23 November 1954. 


The Editor, Journal of the Institute of Petroleum. 


Sir, 


The idea that the passage of current through 
the oil film either substantially disrupted it or pre- 
cipitated early scuffing had been considered. It was 
thought, however, that if this was so, the results in 
Fig 4 would not have been obtained. A small current 
would have caused a marked decrease in the scuffing 


load, whereas the total scuffing energy appears in- 
dependent of the method of producing it. 

It is also significant that the discharge law holds 
between 0-1 and 350 amp at 200 Ib/in., i.¢. between 7} 
and 27,000 amp/sq. em. The lower current is not 
excessively heavy. This, coupled with the high 
(Hertzian) pressure of 2000 atm, could probably keep 
the oil liquid. 

The currents used were both AC and DC. With AC 
no transients were found on the cathode-ray oscillo- 
graph trace. The discharge seemed steady over the 
whole cycle. 

The measurement of capacity was also considered, 
but was not used for two main reasons: First, the 
corrections for the shape of the oil film and end effects 
are rather uncertain. Secondly, the capacity changes 
only as the square root of the clearance, which de- 
creases the sensitivity. 

Further study of this problem, designed to investi- 
gate the mechanism of the oil film, and involving 
methods of simultaneously measuring the oil film 
thickness by discharge, capacity, and/or optical inter- 
ference on suitable frictional systems, is being carried 
out in the laboratories of the City and Guilds College. 

Yours faithfully, 
A. CAMERON 
London, 
1 December 1954. 


* Lewicki, W., Engineer, Lond., 1954, 197, 920. 
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equipment for the Oil Industry 


Feary trend in the equipment of post-war oil refineries 

Above: An “‘outdoor" installation of Babcock Integral . and chemical plants has been the use of “outdoor” 

Furnace boilers at Shell's Shell Haven Refinery, boiler installations, in which only the firing floor and control 

points are under cover and no boiler house structure isinvolved. 

Furnace boiler, The Babeeck Integral Furnace Boiler*, modern in design, 
compact, flexible in operation, with quick steaming character- 
istics and high availability, has proved ideal for this and many 
other industrial applications. It is available in capacities from 
40,000 to 250,000 Ib. steam/hr., for steam conditions up to 
900 Ib. sq. in. and 900°F., with oil, gas or coal firing, singly 
or in combination. 

Babcock & Wilcox Ltd. manufacture a wide range of 
equipment for the oil and chemical industries, including 
complete steam raising plants, welded pressure vessels, heat 
exchangers and plant for waste heat utilization. 


* Ask for Publication 1525 


BABCOCK & WILCOX LIMITED 


BABCOCK HOUSE, FARRINGDON STREET, LONOON, €.C.4 
BOILERS - WELDED PRESSURE VESSELS - HEAT EXCHANGERS ~- WASTE HEAT UTILIZATION PLANT ~- CRANES 


4 
{ 
3 | | 
| 
4 
re 
2 
4 | 


Yoemoot Today 


“ KLINGERIT,” original compressed asbes- 
tos sheet jointing, was first manufactured 
over seventy years ago and is used to-day 
in ships and industry and power plants all 
over the world. It resists the action of 
steam, hot and cold water, hot and cold 
oils, petrol, benzine, the by-products of the 
coal industry, most acids, and chemicals in 
general. It withstands the highest pressures 
and temperatures, and will not burn, dis- 
integrate or squeeze out. It is available in 
thicknesses from .008” to }” and in sheet 
sizes up to 240” x 96”. it can also be sup- 
plied in the form of ready-cut joints, and 
with graphited or non-graphited surfaces. 


stands up to every test! 
STCRARD LUMITED 


RLINGERIT WORKS - SEDCUP - KENT - 


Cables: Klingerit Telephone: Foots Cray 3022 


AGENTS THROUGHOUT THE WORLD 


MANUFACTURERS OF KLINGER SEATLESS PISTON VALVES; KLINGER SLEEVE-PACKED COCKS; KLINGER LEVEL INDICATORS; RINGS AND 
SEALS IN KLINGER SYNTHETIC MATERIALS, AND KLINGERIT COMPRESSED ASBESTOS SHEET JOINTINGS AND PACKINGS FOR EVERY PURPOSE 
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Our first space station to circle the earth a thousand miles up 
will almost certainly obtain power from the sun’s rays, caught 
by a huge reflector, This solar heat would drive the turbines 
for the generation of electricity to provide the station’s initial 
power, air pressure and heating to enable the occupants to live 


in normal conditions. 


The satellite itself once reaching the required speed would 


revolve round the earth forever, without further power. 

In the meantime, however, coal and oil are still our greatest 
source of power and Kenyon Planned Heat Insulation the 
greatest aid to their economical use. 


Kenyon Pinned HEAT INSULATION 


WILLIAM KENYON & SONS LIMITED - DUKINFIELD - CHESHIRE 
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SHELL PATENTS 
TURBOGRID DISTILLATION TRAYS 


revolutionise column performance! 


% TURBOGRID slotted distillation trays (Shell Patents) have up to 100°, greater capacity than well 
designed bubble-cap trays. 

% They are invaluable for columns handling high liquid loads, saving up to 50°, installation cost of 
new columns for given data. 

% Pressure drop per tray is reduced by up to 80°, without loss of separation efficiency. 


Replacement trays cost only half as much as b/c trays. 


a % TURBOGRID trays last longer, save maintenance cost and time and give easier control of operation. 


The principle is not new but its efficient application to all sorts of working conditions is new. We 
advise on suitability, design for optimum performance under specific conditions and manufacture 


under licence from the patentees. 


Designed and manufactured under licence by FRASERS 


W. J. FRASER & CO. LTD., Harold Hill, Romford, Essex. 
Works at Monk Bretton, near Barnsley, S. Yorks. 


TAS FS 396 
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Two-hole Terminal Fitting with These four bulietins give full 


6” Tapped Side Outlet, technical information on 
each type of fitting we 


can supply. Please 
write for them, 


If you are considering the re- 

newal of tower internals, or if ¥ 

you require to modify existing 

plant to suit a new process, 

first try Glitsch “Truss-Type” 

bubble trays. 

In alloy steel, Monel, or mild 

steel, Glitsch trays will be your 

best buy; they are easier to in- 

stal and maintain and they give : 
long life and maximum effici- ment 15’ 
ency. Ask for new brochure Covered by British Patents trays In alloy steel 


made recently for a 
BT:54. Middle East refinery. 


METAL PROPELLERS LIMITED sess sec: ssecciss 


74 PURLEY WAY, CROYDON, SURREY. Telephone: Thornton Heath 3611-5 
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Weir Regenerative Condenser 
installed at Pinkston Power 
Station, Glasgow, 35,000 sq. ft. 
surface, 2 flow, I7 ft. 9} ins. 
between tube-plates. 


WEIR 
REGENERATIVE CONDENSERS 


High Vacuum 
The very large gain in efficiency in turbine installations, brought about by a 
comparatively small increase in condenser vacuum, has now been amply 
demonstrated. Weir Regenerative Condensers ensure highest possible vacuum. 


High Condensate Temperature 


The Weir Regenerative Condenser is designed to give maximum thermal efficiency, 
condensate being re-heated by exhaust steam, and leaving the condenser under 
all loads at temperature of entering steam. 


De-aerated Condensate 


The condensate, being at vacuum temperature, contains no air in solution, and 
is therefore non-corrosive and ideal for feed for high-pressure boilers. Write for 
booklet No. IH.33 “ Regenerative Condensers ”’. 


Weir Regenerative Condensers for Land or Marine use are built under licence by the leading engineering firms. 


FEED PUMPS - FEED HEATERS - EVAPORATING 
AND DISTILLING PLANTS - FEED REGULATORS 
AIR PUMPS ‘ DE-AERATORS . ETC. 
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Mervyn. NPL 


NOW — Infra-red analysis enters a new pinuse with 
the development of this Mervyn engineered instrument 
using Merton—N.P.L. diffraction gratings. 

Here is the long awaited high resolution instrument 


for the lv — 4 region. Of great stability, it reads 
percentage transmissions direct. 


USING A 
COMPLETELY NEW 
ELECTRONIC COMPENSATING SYSTEM 


This versatile instrument is compact and 
simple to operate. Has many applications in 
the manufacture of petroleum products, plastics, 
detergents, pharmaceuticals and other processes 
where the high cost of contemporary equipment 
has restricted the use of Infra-Red techniques. 


Send for full information to; Dept. IS 7 


meRvYn INSTRUMENTS 


JOHN’S, WOKING, SURREY. 
Telephone : WOKING 2091 


MODERN 
PETROLEUM 
TECHNOLOGY 


SECOND (1954) EDITION 


702 pages 200 Illustrations 
Price 35s. 0d. post free 


Obtainable from 


The Institute of Petroleum 
26 Portland Place, London, W.1 
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*Segas’ plantin operation at the Sydenham 
Works of the South Eastern Gas Board 


SEGAS 


This new development which utilises 
heavy oil is now available to the 
industry for the production of 
gases with characteristics similar 


to those of towns gas 


THE POWER-GAS CORPORATION 


STOCKTON-ON-TEES 
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MAGIC in saving 


the most complicated 
. construction job when it’s in 
age te hands of qualified men . . . Procon 


Ving time is the logical result of a 
combination of factors . . . careful 
planning at the outset . . . engineer- 
ing competence . . . broad experience 
that insures quick decisions, and 
right ones . . . proper coordination of 
all duties . . . a thorough knowledge 
and understanding of every opera- 
tion involved . . . a willing acceptance 
of responsibilities . . . plus a sincere 
desire to make every hour productive 
to the fullest extent. 


These are Procon’s standards, and 
gevhile the time saved will be of great 
® value to you, it will cost you nothing 
extra ... another important reason 
for entrusting your next process con- 
struction job to Procon. 


PROCESS CONSTRUCTION 

112 STRAND, LONDON, W. C. 2 

PROCON (CANADA) LIMITED 
40 ADVANCE ROAD 
TORONTO 18, ONTARIO 


INCORPORATED 


Fd 


ADA 


tN U.S.A. [itll MT. PROSPECT ROAD 
DES PLAINES, ILLINOIS 


. . and to Trinidad’s customers 


with 


Platforming 


HERE’S ANOTHER EXAMPLE of the remarkable 

results now being obtained with the UOP Platforming process. 

It is also an example of progressive thinking . . . and progressive 
acting ...on the part of Trinidad Leaseholds (Canada) Limited. 


By installing this UOP Platformer, Trinidad has greatly 

improved its position as a producer of high quality motor fuels. 
Former refining methods required the use of almost the 

maximum amount of tetraethyl lead in order to meet octane 
requirements of Trinidad’s marketing area. With the 

Platformer, Canadian crudes are being processed . . . the 

octane numbers have been substantially raised . . . and a sharp 
reduction in the amount of tetraethyl lead used has been accomplished. 


The finished product . . . well above average octane for the 
southern Ontario marketing area .. . enables Trinidad to supply 
its 500 retail outlets with an exceptionally high quality motor 
fuel on a more profitable basis than was possible before. 


Trinidad’s Platformer has a design capacity 
of 1,500 B/SD. However, provision has been 
made to raise the capacity to 2,300 B/SD in line 


with a planned modernization program which UNIVERSAL 

will result in Trinidad doubling the daily OIL PRODUCTS 
throughput of its refinery. company 
Platforming . . . the catalytic reforming process @ 30 ALGONQUIN ROAD, 
which pioneered the use of platinum catalyst... 


Laboratories; RIVERSIDE, ILLINOIS 


offers many important advantages. 


Why not talk over with us the application 
of Platforming to your operation? Protects Your (avediment 


Representative: F. A. TRIM, 
BUSH HOUSE, ALOWYCH, 
LONDON, W.C.2 
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TECHNICAL WORKS 
ON PETROLEUM 


-OF THE 


INSTITUTE OF PETROLEUM 
Annual Subscription 94s. 6d. 


INSTITUTE OF PETROLEUM 


REVIEW 
Annual Subscription 15s. Od. 


MODERN PETROLEUM 
TECHNOLOGY 


(2nd (1954) Edition) 
Price 35s. Od. post free 


STANDARD METHODS FOR 
TESTING PETROLEUM AND ITS 


PRODUCTS 
Price 40s. Od. post free 


SIGNIFICANCE OF PROPERTIES OF 


PETROLEUM PRODUCTS 
Price 7s. 6d, post free 


ASTM/IP PETROLEUM 


MEASUREMENT TABLES 


British Edition—Price 50s. Od. post free 
Metric Edition—Price 55s. Od. post free 


PETROLEUM MEASUREMENT 
MANUAL 
Price 25s. Od. post free 


POST-WAR EXPANSION OF THE 


U.K. PETROLEUM INDUSTRY 
Price 25s. Od. post free 


IP SAFETY CODES FOR THE 
PETROLEUM INDUSTRY 


Parts | & 2—Electrical and Marketing Codes 
Price 38s. 6d. post free 


OIL SHALE AND CANNEL COAL 
Price 3\s. 6d. post free 


Published by 


The Institute of Petroleum 
26 Portland Place, London, W.|! 


Phenol Treating Plant 


Foster Wheeler have designed and built a group of units at the Esso 
Refinery at Fawley for the production of high grade lubricating oils. 
The phenol treating plant shown is one of this group which includes units 
for propane deasphalting, propane dewaxing and clay contacting. 
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FAWLEY 


*Very Important Part 


Silvertown Oil Suction-Discharge Hose handles eighteen 
different grades of lube oil at the great Esso refinery 
at Fawley—providing the flexible link between storage 
tanks and road and rail services. Hose for such work 
must be tough and strong... . . Silvertown Oil Suction- 
Discharge hose is reinforced by steel wire embedded 
in the rubber and canvas walls, the wire being flush 
with the bore to permit the freest flow of the oil. It is 
further protected by external metal armouring electri- 
cally connected to the flanges for the safe dissipation 
of static. Altogether this hose fits well into the Fawley 


“picture’’—a picture of high efficiency, careful planning 
and tip-top quality. 

Oil Suction-Discharge Hose is only one of a wide range 
of high-grade hoses manufactured by 
Silvertown. Send for illustrated price list. 


industrial 


erlown 
OIL HOSE 
SUCTION AND DISCHARGE 


THE INDIA RUBBER GUTTA PERCHA & TELEGRAPH WORKS CO., LTD., 


HERGA HOUSE, 


VINCENT SQUARE, 


LONDON, §&.W.I, 
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orcalbro” 


(Aluminium-Brass) 


TUBES 


FOR HEAT EXCHANGE 
EQUIPMENT 


THE YORKSHIRE 


COPPER WORKS LTD - LEEDS & BARRHEAD 


Also makers of 


Solid Drawn Tubes in Admiralty Mixture Brass, 70/30 
Brass, ‘*Yorcoron’’, ‘*Yorcunic’’ and Cupro-Nickel, Cop- 
per, ‘‘Yorcalnic’’ (aluminium-bronze) and Tin Bronzes. 


**Yorkshire’’ Bi-metallic (Duplex) Tubes in combinations 
of steel and non-ferrous alloys, e.g. steel lined or shirted 
with ‘‘Yorcalbro’’, and in combinations of non-ferrous 
alloys. 


**Yorkshire’’ Small Bore Copper Tubes for Instruments. 


**Yorkshire’’ Tubes and ‘‘Yorkshire’’ Pittings for Pipe- 
lines. 


Buxton 


Certified. . . 


FLAME PROOF 
EQUIPMENT 


For details 
DORMAN & SMITH LTD 
MANCHESTER 5 
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‘INTEGRON’ is a finned tube in which the fins are cold- 
formed from, and integral with, the parent tube. Made in 
copper, aluminium and certain alloys of these metals, 
‘Integron’ tubing offers the advantages of strength, 
compactness, corrosion resistance and good heat transfer 
properties. 

‘Integron’ is supplied in two forms-——high-fin and low-fin 
—and in a wide range of fin spacings and dimensions to 
meet various heat exchange requirements. 

The fins are not affected by vibration, shock or sudden 

temperature change and the continuous smooth surface 
; reduces possibility of dust accumulation. ‘Integron’ tubing 
— - is easily manipulated—can be bent to close radii. 
. For radiators, convection heaters, skirting-board heaters, 
feed heaters, hydrogen and air coolers for electricity 
generators, oil coolers, transformer and rectifier oil or 
water coolers, compressed-air coolers, diesel-oil coolers, motor- 
car heaters, chemical coolers, ‘Arcton’ coolers, evaporators 
and condensers, humidifiers, dehumidifiers—and many other 
heat exchange applications. 

Literature available on request. 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.I 


Integral finned tubin 
. ntegral f tubing 
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Here’s why 


SCRAPING YOUR CASING 


“pays off” 


Unless the inside of your casing—the vital “working surface”—is clean and 
smooth, there is always a possibility of trouble in future operations. Burrs 
from gun-shot perforations, hardened cement or mud, and even mill scale 
are all dangerous when the time comes to run testers or swabs, or to set 
retainers or packers of any description. 
The Baker Model “C" ROTO-VERT Casing Scraper removes undesirable 
obstructions from the inside of the casing, leaving it clean and smooth. Burrs 
or imbedded bullets are sheared away; cement, mud and scale are scraped 
away, so that any down-hole work can be safely done at once, or during the 
years to come. 

SCRAPE WHILE DRILLING OUT 
The ideal time to use the ROTO-VERT Casing Scraper is during the drill- 
ing out of cement, at which time it is run as a “follow-up” behind the bit 
Thus in a single run you can also remove all hardened cement, mud, burrs 
and scale which might later damage swabs or testers, and cause packers or 
retainers to set prematurely —or never set at all. 


EASY TO RUN -LOW-COST RENTAL 
The Baker ROTO-VERT Casing Scraper is simple to run, and will effect- 
ively clean the inside of the casing when either rotated or reciprocated (verti- 
cal action) The low cost is paid for many times over by freedom from future 
damage to bailers, swab rubbers and packers, as well as by the elimination 
of future delays and re-running expense. 


BAKER OIL TOOLS, INC, 


Inquiries should be directed to... 
P.O. Box 2274 Terminal Annex, Los Angeles 54, California, U.S.A. 


OTOVERT 


CASING SCRAPER 


PRODUCT NO. 620-C 
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ENGLISH DRILLING EQUIPMENT 


BILBAO HOUSE, 36-38 NEW BROAD STREET, LONDON, E.C.2 


Telephone: LONdon Wall 4941-4 Telegrams: Buliwheel, Ave, London 


The Edeco Twin Jet Bit is recommended for use in conjunction with high 
velocity drilling fluid circulation. The cuttings are swept upwards by the jet 
stream, keeping the bottom of the hole clean, allowing FASTER PENETRATION 


and MORE HOLE per bit. 
The Edeco Twin Jet Bits are available with all the cutter designs illustrated 
; in the EDECO Rock Bit Catalogue No. 82. 
The Jet Circulation ways are forged into the body of the bit avoiding the 
wl : necessity for separate Tubes and allowing thicker walls around the circulation 


passages and, consequently, less danger of “‘cut outs’’. 


REGD.TRADE MARK 
The outlets of these passages are fitted with Tungsten Carbide Nozzles with 


bore size to suit customer’s requirements, 


TYPE VS 


EDECO PROSPECTORS LTD EDECO CANADA LTD EDECO GERMANY G.M.B.H. EDECO (TRINIDAD) LTD 
Barlby Works, Lindley Moor Road, 10103-80th Avenue, Folschblock C, Hermannstr. 40, P.O. Box 27, San Fernando, 
Nr. Huddersfield, Yorks. Edmonton, Alberta, Hamburg, |. Trinidad, B.W.1. 
Telephone: Eliand 2876/7 Telephone: Edmonton 35825 Telephone: Hamburg 33 39 67 Telephone: San Fernando 2819 
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Look at it this way- 


The enemies of metal—heat and 
corrosion——are never far from the 
metallurgist’s mind, The many ways 
in which Wiggin Nickel alloys help to 
combat these problems are regularly 
described in our periodical, sent free 
of charge, on request, to all those who 
are interested. May we send you a 
specimen copy ? 


CONTENTS, OF THE 


RENT ISSUE INCL 


\ Eliminating Exhaust Pipe Failures. 
Nimonic DS for Conveyor Belts. 
The 


Controlling Liquid Levels. 
Janitor “ Cokette”’. 
Screw Machined Products in Monel. 
An Experimental Coal-Burning Gas Turbine. 
Aircraft Catering. 


Henry W & Company Limited, Publications Deparcmeni, 
16. 


Please send me, free of charge, a specimen copy of Wiggin Nickel Alloys. 
Nam 


Address. 


& HENRY WIGGIN & COMPANY LIMITED + WIGGIN STREET + BIRMINGHAM 16 
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comprehensive 
service 


ATMOSPHERIC AND VACUUM 
DISTILLATION UNITS 


COMBINED DISTILLATION, 
CRACKING, REFORMING AND 
VAPOUR PHASE TREATING UNITS 


PRESSURE DISTILLATE RE-RUN UNITS 


GASOLINE RECOVERY 
AND STABILISATION UNITS 


FRACTIONATING COLUMNS 
AND TUBE STILLS 


WAX REFINING, SWEATING AND MOULDING 


A. F. Cr lig Company Limited 


Caledonia Engineering Works 


Paisley, Scotiand 


London Office: 727 Salisbury House, London Wail, E.C.2. Phone: NATional 3964 
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